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Z2@MAN<28—ELTHEDT S5 A § FplDB20T
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DOMBREBREFR. v4 Y VESRPRTH
23-47 70Ny yIRBRARBEEZ2—F
TILEU2BEFTHS.
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TR, BBENBRSRUBRACFETC KIRE
BURSBRUBRIBEFEZIATHEI > b
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T3 —S—RBRIMBB At PR LT3

1BMFE3-201987(7)
F—3IX—7—OBALIIBE~TEEROR
REAMNBEZINTIVE (Nellor s Gene 24, 1
—-14(1983)) . CO&LHILBMOLHDODI— 3 &
—F—E(LTRIFLELBEFHRD DOXE
MTa&. REAW PSS (MU T+ 77 vE&RE
R) BEFPCYCI (4V7-1—-F F20—LC)
RIEEFREOI—-I2—2—DHAITATWVI.
BHBETox—5—HME5TIEFEDRE. Y —

FAR—2BCRDERNBI—I2—9 —H%
OTHERBINTVISHRBEOHMACIHENS
EBAONI, COLHAERBREEVTRALW
BN Tt —s—2HTIBEFOS -3 % —
$—TH3 AH] §—X2—-9—~, GAPH—3
A= —BEAVIONFELL,
<25 -B¥%

BE. ARVAORBT 523 FprdfHand.
ROACHEMATIBRRE PV TRB\ LD, X
RUORM7S5RAIFR. o, RANES
BRU@BRBEFEaBLAGAER OB L, BB
MULELLTIR, HARMBORDO2m7T 5 A

WK Z3-F3T 2 REF. £YARNRUT S —
SRA— S —HMIOMFTHASATLS.

2 REEeR

ARMO752A3 FRL3BEMBOBAER
BBBEER - TS EhMTa, TORKMER
Mo ciENT S,

L rHATANT I VR CONMESALRRT S
AYFRIDBEGREA-BINBERBRO
BROBBECININRTED, LEARYPD
DEIBEXEFTLISBPSDIERET 1 OB
FAEMA LSBT RELAKEIRCHLIER TR
3,

ERgmBACHRESALE WA TALT IV
Miro@RitBsohETOAETHI, 25/ —
N, 7PV . BHM7V7EDLBEELEIINN
TR, ¥BES®AR. BAIBLLELI>RBRY
BOVUET- LB EGH IO LTS5 7 44—
rtRSaMNEzHI»EDbDENREBRC L H
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MA7LTIVHREAMBEIhasc erRiFTa
3,

ERE FORA7LVTIYAOLKIRABS %
T—F3 3 DMOBUAEERBEMI K TE
CBCREBT 3, BHET I EAENRA £a—F
TEDNAR. 202kt R TPER
TEIZEHLTE. XMBEoOONM»oBUT S &
LbT&5, MO OHMT IBA, ER/E o1
THTIVADZERRABH%E2a~ FT 3cDNA
2. BHET 2 EBRG N 20— T 3cONMR
D5’ X_XKRI' komme. AYLHR
YFRIL7—EREOYBL. FROkMBa —
FEMELZARLADNARL OV HET 2 &
CEDHABREND, HBI3WWIR. cDNAZE, BEME
SEOAMN 23— F 3 3c0MMRDS ° k%X
23" XRAMT, BYRHMIYy R L7 —
Eu&OWMLk&\ﬁﬁQDNAmﬁéI¢V
ROV7—ERENBETEC LbTE S, L2
2ODHFEOHWS T KWL AmomIizswn
TRIFEEMHIAEDETHVWIZ b8 3,

BB »roEEHE tRAT AT I ¥ Met
123 ~Leud85) Za—¥F¥+ 38328428 7T. =
hoZBUHKAETABTRERRT 3.

ARVOERE tOBR7LTIVER Ea—F
THDNAR, TnAKELLTRAZIEZIZ &b

TEIN,. MORT7FFEI-FFEZDNACR
BLEARKBTRALLY., RAEOBEEB3- &

HTas. CORLZBATBAREBIBAOMS
N=}+F—¢LTHYORTF FEREZ &
TE&. TD1IDELTHAKE PR 7ALT S >~
DY —-F—RINBFSNE, BHET e + A
M7NVT I VBREZORRBAEARELTH
3RACI. EOH. MRNELRRBREATY
—F-REMERELTE VAR TLT S YBiIAE
Bd T eEMTRD,
EMRRTATI VR ORBODICE. B
ARMEOILEBEEAREI-F+3DNA
TRAERRA<IZI— . HAKE TS RI FILAA
Litth. <27 —-%2BXxwBAT 2. 2BAG
EELTRHDEBPHBOS e AitElE. &

1 E3-201987(8)

ARBoHME VTR, E BT ALT I VO
YIFNNRTFFRUFTORTFFEI=HSA
DHMEEBEREZa2—-FT3DNALLTRBEY
RiER63 -268302ic 2ot FAW7A7 I VO ¥
TIVRTFFRUTZUORTFFLELEORRBL
PR 7ATI v FLoMeEAREa—F T
ZDNAZ2SUTS5RAIF pUC—HSA —BEM O L
PERPATIVO YIS TFFRUEZ0
T7FFRUE PHATNT I Y ADAspl~Prol52
ETEI-FT3I3DNAZHBME3—26830210 52
BMOTS52IF pUC—HSA — IO GPYPHL A
Glul53~Pro3032 3 — F+¥3DNAMK & EME
LrabosigAT s, MEHSAZI—-F T3
DNALLTREFORAZTALTIVOINESF L
NERBMEI— VYT 388532 X {cDNAY o — v HSA
~ N (S63 2/22HBASClE®) » o AT
NTIvD7LToRFE. ARE7LS YV %2
71 I—¥DL S FARTF FROEEEE bl
B7L7 I vORMAEAREI—FT3DNAR
FIZ&8 & pAT—trp —phoh—tHSA (H1. 8./25H

UBEOTEEAREBREMNEIEINTE, <

79 —RBXLEKFELTERI LS.,

(RUYIoBR)
ARVOC-XEMRERRELATALY £ VI
AR, C-kRCFAT I ENBENMOBABE
ERVTV . BEHEHRESALT. Ly
LPIRVHUREIVBAOEHBERAET I ENT
BILVLIHMERT I, IBH. N-KEHEKE-
RELLE7LT I VEHR R CysURTBOERO
YVATAVRRBERVWIHD, EBRORER 7
*=NFi 700D EHTHB., V
RE. ARAo tORA7A7 I vEBiIHh oG
Ko2WT, EBMc Lt R&EHEBRHAT S,
B, REAPCHCERLLZVBE, DNA
DRBOLDOMERBIROXBE & - 1:.
ER Ik
HEER
EHRRLERXORZBTIT > 7. BB REcok
l (2o yd—v; ;20225 b/ ) | Hindl
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B FE3-201987(9)

(ZB®:102= 2 F /) . BasBl (HiBH ATP ) 2B UTA DAY X —€¥ 1 o (RBE: B
122295 b /) . Xhol (RBF:122 =5} 4002 = o b/ ot) WHREERDREMA T20 &
/o) LWL ZDNAODIKIL :0NA 2 m. PR 1 L. 16CZ2—BRAT 3.

BRU10xXEBcoR | MBI (18 Tris—HCL (pHT.5) . Epl, MEETOIS-HSARBIZSAIF
100ah MgC L . 500mM NaC2) 2 I RBEER DR

AKEMA T2 LTS, JICTIHHARBIET S2HSARBZ7523FOoBBRROLS
YT s, BstEl (= H vy P—v ; 1522 fTo?. £3 pUC—HSA —EH (BHW3) » o
b/at) o Pstl (=K d—v ;20222 b EcoRl — Hpal TYWHHLAXEBHSATL T
/at) DBEIRI0XEcoR | BB H 1000 oB2%0 &Aspl~ProlS2% a2 —F¥$+ 37572 ).
Tris—HCZ (pH8.0) . T0aM MgC 2, . 1.5M NaC2 BRU puC—HSA — 1 (£FH5) o Hpall —
E£EML. BstEN X60TT. Pstli237CTEh Pst I EDY DL Glul53~Pro303% a2 — F
FRLIBRMEALTREBEEHS, Smal (=o# T32574A 7%, 735 A3 FpUCl9 DEcoR |
vO—vil0x =y F/at) OBEIXI0XEcoR | = PstIBBRICWMALT 7 52 3IF pliC—slisa—
BEGEO{LDHH100mN Tris—HC L (pHB.0) . 70 EHEZEMLA, SO pIC—uHSA—ERE 7L 7 0
M WgCL2. . 200m KCZ 4 %2{EHML. 3TCT% HSA cONARZHID S5 * I 3 SEcoR | sxm-cmm‘u\
NERIBMRALTEGSE3, T4 Y #—+ CSTHEFAEBMECR I B RIEERFITHBB Yho
RBRROXHTiIToN. <257 —000 I m. < 18R EL2ARY YA —EWALTTSRIF
25 —~DNAESENRDDNATZS TS v, pUC—aHSAZERIL /., S D pUC—aHSAD S Xho
10X Y F— R\ (660an Tris—HC L (pHT.S) . I —BindDTYOHLLE 75224+, RU pUC
66aM HgC L2z « 100aM S F AL RS A F—( 1l —nliISAHh SHindll —Baall | TYHHLA 7L T
HSA cDNA@ 3 ' BIRFITHYVASLZFVRURY HUeBRaBEMFEINANTHLS, ) S Xhol -
ARFMESUNERE. 75 A 3 FpUCIBX®D Xhol Banll | CEXODYPOYLIEKEVWHIOTZ 374V}
—BanH | BMIEKWMALTTS5SAIF plC—aliSA~ S L. pJIB—ADH —uBSA7T S5 A 3 FAHML
AZHMLLE, BB TRV TFIAIF .

pUCIBXIL. pUCIBDEcoR I BB K LIREBIMICA ZHM2 MRBECONBHSABRMZSAIF
I EcoR | S HRBRIITABIE Xhol BfI : OBR% '

LbOERY YA —EHALTHHULAELOTH S, MEBHSARB7S>AIFoRBULTOLS
1. pUC—nHSARREH O 7 L 7 0HSA cDRAR T % Kifolhk, £¥. EPMA7LMTIVvOALES
SUT75AIF pAT—nlISA—A (£2FHMB) £ YA EBBEI-—FTI3BFEXRcHAIO -~V
Xho!l /Banf | TZHIH{LLT. 7 L7 OUSA cDNA HSA - D %EcoR I 2YH. BELRETISZAV+E
BHERUWMA 2B T. ThEpUCIEXE Xhol / pUC19 DBcoB I ¥4 PIHBALZ I A3 F pic—
BosH | ToHBLTBLRKERLMH &ABLT HSA — 08 %2§72~, 73 A I F pUC—HSA — 08
BRULALTS5AIFTHBE, WK, 75 AR 3 FplC M OEcoR] — Tag Il REXDHSADS' BIEWMIR
—aliSA-ADOT L 7o I=HS ABWRAK. #HY M. RUXKBBHSAZ7LVL7oBHNESL 75
AvZFn, #YARIEZL Xhol —Bank i 7 FAVEEYHHL. 75 A3 FpUCIB DEcoR |
572V %, pJDB—ADH —oHSA— AT 3 RIF —~ Acc I BRALEPBALTTSAIF pUC—Sig %
(2D75A3F28F 7 5 KWBMHEEscherichia UL, SOT7FAIF pUC—Sig M oHHincl

coli HB101/pJOB—ADH —nHSA— AR T RIZH B KWEHHSADS ' BIFEBMRMHARK. RUXEY
GEDIERETRFACRALABE B2454 5 (FERN HSA7Vv7uli28L 757277290 H
BP—2454) &L TIBIEG6 B8 BRI FIRALR L. 735 XA3IFpSALT (£FHS) O Sea I'SBH
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KBALT7S5AYF pUC—Sig — SALD %%
L. ChEeh@ohl7523F plC-Sig

- SALDIBHSAODS ' @EWRAR. XAXY

HSAZ7 L7 oRMEUNet]23~Pro 303 %2 —
FTadh, 7L 7alil &netl230oMic7 3/ M
T Gly—Ser KHIET 33 F VCATCCA 7 5 7 %
-BHUELTHE-TV B, RIT plC—Sig — SAL
IHhoBstEl — PstlkioynhiLi7rL 7o
RFl& Gly—Ser RUMetl23~Pro3032 22— F ¥
2375727 P2, HIAOD pUC—nhSAD HBsLETD
- PstiEOYBLTBOhEXREVLWFOT S
A PR L. 75 A3 F plC—nSALT 24k
MLl SOT5RAIF plC—nSALD H S Banii ]
—HindO LY HLLEREWTODD ST 4 v,
FiZ. pAT—trp —phoA—tHSA (DTS5 A F

88T H5KAIBERBIOI(pAT —trp —phoA — tHSH)

BIZERHBRED I RRNARNFTCHRIHESR
W 109518 (FENP P—1051) & LTFREIhTH
.3, ) HoBanli] ~HindD LD ML LNE
HSA%2a—FF3TE3757AV +ERAL. 75

~519, canl ) OYPDIlbic s 2 —RITRE 1
A ZMA. 30CT 600naTOBREWMO0.5KRY
2FETHBLIE, ChE4TT2000rpm - 551
OB/OCTHEL., BHkE52D0. 11 LiSCN K&
BLI. REEDHI>BD L5 % FBML T2000
rpa « SHMOJLTREL. BkZIO2O 2N

LiSCN . 6t DSOUHEY T F L 7Y a—14a000"

EBEBL. TSI DDNABE (510D
DNA%2SL) EmMAT0OCT—HREALL, &
ONFRI S0 DWHERKERMATENT »
JAIF Y~ TWBI{(IT|RES L. 2000rps.
SAMBLLTHRBEL., HEk%E 10D BEER
KTHMSLERMNOEXIGMH (SDIFE : 20
/e AF T IEME. 0677 I/ BESHA
—A b=ty r<x—2(Difco) . 2% 73—
AR2YDEXEMALbD) WEW/L, 30CT
BHEABELLE,. ELAL20 -2 T. EE
HACRTHETHSABAORREBRMT S S
ECENBArOHS AR EZRAT I TSI AR
£ 4L AH22 (pJDB—ADH —aHSA) &AH22 (pJOB-

136 F3-201987 (10)

A3 F pC—nthsh ZHYUL A, TOTSRATF
pUC—ntlHSA H o Xbol —RindME XD Y HIL
R7UVTORFIESAZ2I—FT 3754 b,
BRU pUC—oHSAL SBindl —BamA 1 KX H YO HY
LIeRYASTFINERUISTAVPETSRA
3 FpUCIBX®D Xhol —Bamh | BBIKHWAL. 75
23 F pUC—ntHSA —AZH%EBMLE, 207352
I F pUC—ntHSA — AN S Xbhol — Sma] K&K D
YOoWHLAETZST A +%pJ0B—ADI —nliSA— A
TS5SAIFHS Xhol — Sma l WL DY HOHML A
XEWHOT 57, ERBL. MBETOR
M7 5 R3 FplDB—ADE —tHSAZ fERL 2=,
X3 MEBROKEGRA
HSABMIARMT >R I FpJDB—ADE —alSaAkk
TpJDB—ADR ~tHSAKR X SMBREOEBREEIRAR.
BARM. KBXOKURIL (RMEIR. 43,
630—637(1985) ) EWMELLHBEL DT 1.
£3. YPDISH (I BB+ A (Difco) . 2
%42 LTt v (Difco) ( 2% N2 —R] 50
2 ITAN224k (MATa , leu2—3, leu2—112, hisd

" ADH ~— tliSA) .’&i%f.:.

Eiafl4d HSAMBRORM

MO REINKAI22 (pJDB—ADK —aliSA) B
U'AH22 (pJDB—ADH —tHSA) ¥ 5= O Y P DIt
T30CT T22AMRGRL 1,

HRACHBEINALHSATROKRWBRETO
EIXLTiIT- A, WHRBEL0000rpa, 5 5HRNR
LUREEDOLENR%E 800452 RAL. 22/ —n 800
dEMAKRBTIOFBBABRLUL, T 1%12000rpa,
54MALL. BontkREZILLAARL—-2
—THEE et SIS—-PAGERRHEMBEIB (2%
SOS . 52 - AnHT LI I—N, TR
0.00625% 70 L7 x/ —NT Ww—,
0.0625M Tris—HCZ IEUiph6.8) 20 i@ H L
SAMERLE, CORHIAZNRY VRE 4
-20%6DSDS-H#Y72YNTIFrFckd
BRKE ( LoeanlidDHiL : Nature{lLondon) 277,
680 (1970)) LAk, 27 =T YNV 7 7T
—(CBB) K& hHhBaL /.

g, BRCT- L BRKBBOYMEZDPWT,

to—n
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UFeRT LORI2R7 709747 %
o, THDB. SIS—PAERTHOY M ET D
o5 4 v ED(IEFCOZE. Model:TC808)IC L O =
totrao—R7 407 —(Bio—~rad 3. Trans
~blot®) KT By Fav I LR, TOF 4V
FRTE. 7409 —%3%BOESFESU
TBS# (20ah Tris—HCE (pHT.5) . 0.5M NaC2)
2305 MM L 7o, TIBS# (0.05% D Tween20 .
2SLUTBSH) CTSAMO®B ETIBSHEEZ D
AT2HT-. RiZ. AEDSERNLFF 25
—FHEBRRAHSAREK (2 ox0it) 21%E7
FYvESUTBSHTIOBELEERLALBEDIK 7
N —2BL. | BHMRBRBLL, 7405 —%
tresgc2@. TBSTIE. thEns i
B LA, 0.015%Hs0.. 0.05% HRP— % 5 —
FxaTAv Y —J 2y F(Bio—rad &) . 20
UYAF)—NWERSUTBSBE 7407 —%BL
CISHAMEBEE:, OB T&R 7409 —%
ke L. i
BUEACERLEZEHSABROKRIMBUTOX

Bertsows=HSARBHACHR SN,
sDS — PAGET 4+ F B ¥735000 DN~ FeLTRE
aht., ULHL. EEBH SARIsRP L RIW
ah,. BhACSERERL TV,

ES. I=HSAOMHEBUGI

MEOREERIAN22 (pJDB—ADH —eliSA) %,
FLaI—25%%SUYPDIER (1 %HEXH
2 (Difco) « 2%/NZ b= Fv(Difco) . 5%
Fua—A) 4 2 TIOCTIORRIEELLE, IO
IEBRBISOOREOCRGBHML. Jhiz—-207C DX
5 —n%EISOREMALZOTTIAMRBA
L. 12000rpm. 1553 MOALK LD BONALT
RE. 302 D100sK Tris—HCLIMHBiMpH8 0 K16
ML, 100uD10sg/ af RNaseA (JA A TR &%)
AMARATISAMBEALL, TH%ET5000 NaCE .
10aRY YREF Y D LB LT B
A U7k, 18000rpaTIOSFRIEAL LT LR Z R
. cOLBEMBEBK IO LSS T4 -DE
Foto7/"%4FH 5L (Tonen Hydroxyapatilte
TAPS — 052110 (4 21% 100me) ) &My T. RE

15 B F 3-201987 (A1)

SEiiot, $HDS., HRE 300 %5000r0m .
55MEOLTEEL. Bk%230@ SDS—PAGE
RKelARdigRcB®L. 100CTHORMEBRL L.
:oﬁttﬂ;ouétalﬁl&ﬁ?ﬁrﬂﬁ&ﬂbto;
A vIasFavISEiToL.

22y =T VYT T —(CBD) REBOKR
2P A4RACRYT. COREFEVT. V-V IR
HSAlE®R, v—v2RUGRSFRER, L—
v 3 12AH22 (pJDB—ADH —uHSA) ORBAER Y.
V- Y AREEMROERY. ELTL~V5R
AN22 (pJDB—ADH —tHSA) ORBERY. KOV
TORRERT. ERh9aRP VYT O T4V
ORRAABSBERET. COBP. LY 1IRE
;‘uuzzmsﬁm; L— v 2 12AH22 (pJDB—ADH -
tHSA) OIEJ L. L — v 3 WAH22 (pJDB—ADI
—aliSa) OWELER. LV A4ARHSARR, L
— ¥ 5 XAN22 (pJOB—ADH —~ tHSA) DISTEHWAAM
EOZ. L— 6 iLAN22 (pJDB—ADH —mHSA) O
BEMBHNOEAT. €LTV—YTREEM2
OHBHESR. KOVWTOBRERT. '

3 /win . 605} D10aN~200aN DY ¥ EIRIE

DR LB HLE. S HSAOEY—-20DERE
i 280na@ WA . KU SDS—PAGEIT & B T » .
_ﬁénks;HSAoE—aémuﬂbtﬁﬁ
Li:th. MEGERL. 253D 5008 NaCE .
50mf Tris—HCEZ pHB.O. 0.05% NN ¥BM L 1.
> OWEL Sephacryl S—200 ( Pharmasiadt.
super fine grode(1.6X9%0ce) ) O¥ viRBAH 5
Lichir. REoBREALBHREELY. KR
8.6 /hrCBHULL, I=HSAOKY—20R
BRELFAREIT- . RE. Boh3=HS
ADE—2 2BEBkIvT 574 -0
# 5 L (TSK gel,pheny) —5PW RP(4.6 % 76ms) )
. 0.1%tY oA oBRMEETTRAL
M /ain . OO O AU~T0KDT7 £ F=FY N
AEARC LN @HLE, 280mOWmERLLY
BAELABRI—_HSARZ2ZDOE—-2&LTHK
Hahohoptr—22RBRMMERELLE.
I HSAON(Rm7Z7I/BENORE

MYULAELI=HSAODKHERKBEERL L &.
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FY 7 A OBMEIBRL. 7 I MEAGS
4R (Applied Biosystemstt. Protein Sequencer
4778 KEXONERE7I/BENERELA. 7
I/ MRMBHBFFRCIVDEREEAAL2ODS
~HSADONXE7 3/ BMENBEOLHERUTOR
hThate.

Asp-Ala-Hys-Lys-X-Glu-Val-Ala-
CORFBEMHSAONERE7 I/ BRFILE
—ThHhh. I=HSAORH. HHOBMK LXK
DHSAERULTow vy I MHiabhTWnWdI L
N,
3I=HSAODOCEXRO7IJEORRE

ETMBMLAI=HSADOKE (Hlnmol) %
MASBRARBEC AL TRBERL L. B A
3 I-'a-‘/"/.(Ardlich&) SOE2MAT. METT
100Cc. SHERBa¢L., BEACHIL &,
BEILLVBHOE FS>Y vEREL, S0 H
EFohr—s—dT—REBLAE, CORHE
wT. 73/ 8EBSE (BERF. JLC-
INEZAVWT7 I/ AR EIT. CEBE7 3/

¥—21 (Wh¥—=2)

7/ EZRE Bl
Ala 35.0 35
Arg 12.8 14
Asx 31.9 31
Cys ND 19
GClx 45.5 42
G1ly 7.8 7
His 11.4 10
1 1e 4.9 5
Leu 29.6 32
Lys 28.3 1
Met - 3.0 3
Phe 16.9 17
Pro 11.4 12
Ser 10.9 12
Thr 11.7 12
Trop ND 1
“Tyr . 1.3 8
val 14.7 15

ND=%RRE

1BME3-201987(12)

BHERRELL., £ roRHBEHMMAZINRL
7 I/ BARERRCTL. KAZERLT
CHRHM7I/HBomMREERHDA. COKR. 3
“HSAOCEH®W7 I/ MR, e ¥F3J72RE
w20 BUE—2¢bProcEEERNL,
HBENAI=-HSARCEBEPr o XEET
I~NEXLODOT. CoBRBRENEFRLEVWDLO
TH 5,

I-HSAD7 3/ MUIKAN

ETMYMLEIS=HSAOKY ($H100p=ol) %
KEARBECANRTREGERL 2. PICO-
TAG(T) 9 —2A5—a YREBALAZVIEA
N, CORBAATHVERREEER (XKRE.
MELATMBISOLEART. BRETF. 110CTH
AL, RIGWMIZ24, 48, T2l & Lk,
MASBBRTR. REAKBRENOHEMEMUET
TBhEL. Boh RO 7 Y/ BHERE. 7 3
B ER (BARF. JIC-3000ZAWT
SELK.

CORRERORILRT.

K22 (KE=2)

7I/)8 E4: XS RIsE -
Al a 35.0 35-
Arg 13.4 ’ 14
Asx 31.7 31
Cys ND 19
Gl x 45.3 42
Gly 7.8 7
His 11.0 10
Ile 5.1 5
Leu 30.0 32
Lys 28.0 28
Me t 2.6 3
Phe 17.0 17
Pro 12.0 12
Ser 11.7 12
Thr 11.8 12
Trop ND 1
Tyr 1.6 8
Val 14.8 15

ND=%kRE
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MRORNCHOHILTE(. BORLERD
HBBREEBESRLL., £ LERLANER
73/ BMEBRUFCEE7 I/ BOBRELD Y
3¢ RASWBERLIHSARRBENLT
noMEBETH - N,
2EM]. EREL IMHATNLT I A cDNMEST

29—y QrRIY—=vY

ERE LMW TAHT I VA cDBAERL 20—y
DT S3—INATYVFAE€—va vREERZY
—= VD HEECLONTECHE © AgtllE <7
—ELTHEMENLE FRFcDNAS AT 5 Y 4 —%
Mevze, 2tlHMA K7 > —J % KMEYI0N
2BEELTRRESY. BRENTS—7 &8
5.5 x10° EL BRI (LY 7HIE+ LS
UBEK) L RBREIUEHAMNADODNAZI VT 5 v
7 4% — (AmershamtlBybond—N) BB L -k
TPHHRARREECEBLLARAY TR L
AFF38 (LBE W 210"cpn/ ) 27 0u—7 ¢
LTRAWAZ2Y—=rv 7 L7 (Benton & Davis
Science 196.180—182(1977)) . @3 @D 7 @

2 HSA- 27 0—=TeE¢nd4TYF4XsER
(Southern,E.,J.Mol.Biol,503 —517(1975) ) .
NATYVFAXLE?72574 7 E3DP000~
vhi3ohBx21.8kb, LAKkb, L3kbORET
Hole TDHIBLBkbELIKDDOREDT7 57
AV % pICI9R2 P —RY T o9u—=rvILI.
TOYTI0—v%E HSA— | & HSA—-3 28B4 7
ga—7¢LTa0—NA TNV FL4E—-2a v

{ Grunsteind & UFlogness Proc.Nall.Acad.Sci.
UsA 72, 3961 —23965(1975)) K &hr2sYy—vL
ke COBR ISA-302ENATVT4XT 2
sa—vigtllsA] —NBohit, D20
- vOFWDNAMKEHERIIREM~25 —
N13aplB8& LT wpl9 RF—DNA LB L. 74 F
AF*LRILAFFI—3%—2a vik (Sanger,
F..Nicklen,S. & & UCoulson.A.R.Proc.Natl.
Acad.Sci.USA 74, 5463—-5467(1977)) k& H K&
ERFERELL., —H HSA-2%Tao—-T &L
CiFolAgtll 2 Q=Y DT 53— N4 T Y T4
Ft—vsvyEBLWTBHDO Y+ NEFER DD

i r,a¥3-2015387(13)

— 7% ~Lawnd (Nucleic Acids Res 9, 6103
64BN E - THEE AL LW T LS
S vcNAORFOS 55 JFFWMIRMR (HIRMM
DATCAFY&NIZRI2LAFPFERNMSGAT
CarvoRORI2LAFrETosls) LHR
MK (735804 +4+=varvTubs

ATG&H IBBO7 I/ MuA Y82 —FT
384) 24U HLOMSA—1) . 2483FHD7Y
suyho 2608B0u4 o722 -FTRHO

(8SA— 2 ) . ¥TE ST6{FBON) Yo hWFK
+ ok S85BBouyyvyEa—¥rT 3848
EENEMIERIVAFFAOMB3’ ~ W
RAKE2AL LOMSA—3) tHAULRITHB.
COTue—TOERBEAMODNAY VY 4 ¥~
CEDiTL., MM (7 —*P)ATP EHY R
VA FP3+—tEtE2HVTiIT-oR, ISA-2TH
HoorsrrnEBEAl 2000 Agtilo0—-2v0
354Bosua—ryhS5DNAXIEY (Blattner
SScience 202.1279—-1284(1978)) L. T %

EcoR I IR TB{EL. HitHOYY—r7o b

44

—yoiswméouznu—léru—yab
CTHUYTS—=INn4TYVFA4E—2a 7ETUL.
1 BOBRO Y+ VESA B0~V dgtll
(isa—0) 28%L., Chhro77—DNAZLZIR
B LEcoR [ fi{LBIKNDPWT HSA— 1 2T u—7¢&
LTHWYF =N TV FL4E—Va 7 EFTEL
1.25kbD 75 7 4 v F(ASA— L) H7a—7T&n
A TNV FAXTEEE2@RELE, CO7 574
VIOHBRHNEFSFAFEAFLRILEF VS —
F—avETREULE., BSA-D1I12 0SA-3
TO—FERNATV A X LU, COK
BEHSA~ DI RAINEF A ERMEI-FVT I8
SEXRE, HSA- | ~ARE YOOWATHT I VO
7IJEEMEI—VTIMAERE. & 52304
2HO+ Y 23— FF3aF (108 HERRE
taFvoAAR—naFTCARERLTWS
CEMbh ok, TO2DPDDNAZSZL Y}
OHBEBTIEREVRAKLRT. BRBR/Y A+
OERLCHBRREHLEREN,»c@ L.
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LEM2 Z3R3IF pUC—HSA -CHOEM O3B
IB).

BRAERE tAB7ALT I VADREEI—V
TIDNAZSU7T5RAIF pUC—HSA —CHE R
ORELTERLE.,

E FBFCONAS 4 775 Y 4 —H HiBHSA cDNA%
AL 70— Agtl1(BSA— 1) H HEcoR 1 & Xba
Ik >TELZ 7572 v bE2EYL. &
nE pUCI97 5 2 3 FDEcoR |l & Xbal &M
HBEDIDOSBSRELSFTD7 574 7 F&ET4 DRAY
H—H¥ZRAWTHAEIEHBRAT7S5A3F pUc-
HSA —EXEI%EL X,
CDTIFAIFHMS Ahall & Sal l o ZKikiit
REDETINEWAD757 4 bEMBUL .
SO7537 A PRIRBERE PABRT7AT Y
AEBHRODI2EBODOL Yy s IS6EHOT h r
ETE22-F¥435. RREBE bRATLT 3 ¥
ABEBERE27 3/ X%HIboa—-FTI3RIEFEN
BYB3L-HE5’ BEHYTIDNARFZ. {L
FERLI753 7, 2K 2T -1t B2

—CX%BcoR[ ./ Xbal T_HEH{L L. ERE M
WT7NMT IV ADAspl~Pheld56% 32— FTBZDN
ARNESUDZVIOTZ S AV FEBL.
—F HSA—ADAINEF O NEEMEI~-FT
BcONAX., & FIFCONAS £ TS5 Y s —Hh ol
o— 2gtll(ESA] —A) oA KBTI ON
AZRTWBIEcRI 7574 v +2BYUL. plC18
T5AIFDEcoR [ 44 FPRBATEERED
HRAZSAIF pIC~HSA — 1’ B 7 u—=
vZULl, THIZED HSA-AD 358BBD7 3
JBLeudbodnEd: sy EEOD SBSERO
Leu%2a—+FL, 36K 3’ BOIEWMRMME2
RILVAFFESRSU Xbal /RindTD O ZHiH{LY
FHMULLE, THE pAT—HSA —CX& D {3 /:Ecol
1/ Xba |l ZHA{ELB BT pUCIIDEcoR | /Hind
B_EH{tDDIBREL TSIV FERET
TEONA ) H— ¥Rk RBRIBETV. RBE
BEIHMT AT S VADONMLKESLEMA
73A3F pUC—HSA —CHZE 3 7-,

1M F3-201987.(44)
KEDHERLAE., COARDNARRR7ZAAY
BEx72r5 -t 7NV RTFVFEI-FT
SDNAKNEBATABZLISK Bral RY Cla
IR C L TETIRGRRRENCCES’
BHCHL. RRER/EL FOAMT LT I VAT
RO 1BZHO7 3/ BAsepH»OIIBBO7 3/
BPheX22—FT 58I ZEHLTWE, COD7
S—NEELEDNARFHKTARYRI2LAFF
¥+ ERAELTS mEY RS ELD
DL, pUC—HSA ~EXH SHE UL Avall / Satl
CHEHEIEDEEARAGL. SO ZhREABRO Y
MFFAE -0V I RIZ—DREHL DO
a)-—:prT153 (Amershan2t 3. Twigg. A.J. R U
Sherratt,D, Nature 283 216—218,1980) @ Cla
1/ Sa) | OZHBILHDIBKREBTIS T A v
FERALZODIHFXTA DAY N —FITLHEBS
T4, HMAATSAIF pAT-NSA —CX%2iB N,
CO7SAIFLTEREE PR 7Z7ATIVAD
107 3 /7 BAspH»O1IIO7 I/ BPhe
E2~FTI3DNARFMN DL . pAT—1ISA

m

. BEMI LT oRHIEI—FTIDNADAE

BERUZS5AIF plC—NSA —ELo ik
. M (BETE)

RORHEZHTI4HBRAOF VIR ILAFF :
" 1. AATTCATGAAGTCGGTTACTTTCATCTCTITTGETGTT

2. AGAACAAGAACAACAAAGAGATGAAAGTAACCCACTTCATG
3, CTTGTTCTCTTCIGCTTACTCTAGAGGTGTTTTCAGACS
4. CGCGTCTGAARACACCTCTAGAGTAAGCAGAAG

%, Matteucci N.D. R U'Caruthers.N.H., Tetra-
hedron Letters2l, 719(1980) RBMZh T3
FAKRT IFA PRI, BEBDNASGKRA
(Applied Biosysteas & F /L3808) XA WVWT &K
LEe AW IRI2VAFIFBRETARYR I L
AFFr3F+r—+XEH5 -y r@glLtLrtk. 7
=Y v7ZELH. KT DAY ¥—F¥ioL bR
BLT. 7v 7ot —F+3—-EO-%R
DNAZ%Z2iB2..

RE.ERE PHWB7PATIVAODNMZSL
T5AIF pUC—HSA —~CH (£382) 2R
REcoR I R Cla]l TZEMiLLTRKEVWH D7
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N X —H I LDEEEET5AIF pUC—HSA

-ENEERL 1.
LEML Net(23)—Ata(J51)%3—FFB3DN
ADSRE (B8 E)

5' WCBanH [ (I JFWE LB, 3’ WA
HpaD (Msp 1) BEHARTZE LB, TO_XHMBH
BeE AT ALT I ONet(123) —ala(l51) 2%
ERI-FIIAETFHROBRELUTOLS &
iTolk, XBETORREDBLI(TILHIK
BETHODETRRENSBEFL LT &S
BH&ENn 33 F ¥ (preferentiol codons) rTa
IRYBLAULIRAEFYAYLE., Thi

DAF EHTIRNMHBIRR-BCAETACS R

WHEELTHFD (LEAWE. Ikemura,T.J.Nol.

Biol. 151.389—409(1981) ; Gouy,N.& Gautier,C.

Nucleic Acids Res.10, 7055—7074(1982)) . &8
ROBCEST I EHMEShE,
RO4RBOA Y TRIVLVAFF

5’ -—GATgCATaﬂTGCACCGCTTTCCACGACAACGAAGAMCC
TTCC—

RECOAWI?S 72 % BpalMspl) T
YL TbeD 757 4 v+ EBL,
BEHMS ErtMATNTS

vl et (123) —Pro

(303) #3—¥Fr+ 23 DNABMNOEY
(B8R
ERXe tMB7MTIVyDT7 S

JEREBE2—

FT3BNERA, 201 J4BBO+Y Y53

—FT3a2F MUY RBRLEIFyEBELTWD
RIESL Agtllt FcDNAZ O — » (HSA— | 8)
(S 1 : BOE) 2EcoR I XL O YKL TL
PR TT I DM ERBL. ChET S
A 3 FpUC19 DEcol | B KIBALTTSATF
pUC—HSA — | ZHNL X,

pUC—HSA — [ % Pst] TYMIL, L5’
OY YRBENXIFUTPTIAIIERRT7 7 7
—CTRBLTHRELAL®&. Hpal(spl) TY
LT 1500pD 757 AV LEPOHLL, ZO
10bpD 757 AV +ERBEHICHSTARL
7:96bpD 73 7 AV FETA DNAY X — £ T lpall
sp i) ofIZFEEALTtoOHNELHALTIHSL

"

3R F3-201987 (15)

5 —AGGTATTTTTTCAGGAAGGTTTCTTCGTTGTCGTGEAA
AGCGGTGCACATG— 3 °

5’ —TGAAARARATACCTGTACGAAATCGCTCGTCGTCACCCG
TACTTCTACGCTCCGG— 3 °

S - g
% Caruthers® (Matteucci,M.D. R U Caruthers,
n.i.Tetrahedron Letters 21,719(1980)) & &)
MRaNNLKAKRT IV VEECRLEEGS
B (Applied Biosystems E 5 /W380B) ZHWT
AL, 2SN DNAM (¥30pscles) 50
sf Tris—HC 2 (pH7.6), 10aM MgCL:, Sel¥ F
AXSAP—NRU 0.2 AMPESHT IR
(50ut) hTEMUOTARYRILEFF 4
— ¥ (RB#) AT TITC. 0AMBRTZC
ER&EDS —WmEY yRAELL.
Uyumank75¢)v&4*%aflmt
OABPCSAMRALODVWTRATRALTT
==Y v i, 2ADT4 DNAY) & — ¥ (800
gy, W) EMATI6CT—REAL 757
AVIMEABLITI XM 7572 EL,

fzi%. pUCISMBami ] & Pst]l D -HMBLBOKX
EVHEO75 74V PEMA AN H—FEwL A
BLoSALD 7523 F28N,
LEME HYANTIBRUAMTANMSZ T AVETO
#A (BIE)
EFRAPALTIVADDNAD 3’ BMKES
HT 3 Agtll(ASA— [4) (XM 1. B6R) %
BcoR I KEDHILLTE PHB7NVTIVAD
cONAZSHTEDNAZS 721+ 2B, 2hi
EcoR I XD YMLAT S AR FpuCll KEBL
T75AIF pUC—HSA — 1’ 231,
LPEMI. F5RIF pAT—niSAOME (BSE)
Z7v7ok @7 ATIVA DNADS ~ 3
BREBEa~-F 4 v/ HROMEBFE2RC 7
AIF pUC—-HSA —EX (BEH2) hoT LT
ok PHATAT I VA cDNABBS £BcoR | & Xba
T X3 -Ef\tcE->TYHWHML. L AT
WT I VA cDMMDa—F 4« VIV AROREBH &
3’ —BREARZEL75AIF piC—HSA —
1 (8%8M6) »o5WHHLXL Xba
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25747 FBELUPATISI< I ¥ — (Amershanit
%7 : twigg.A.J. R T Sheratt,D. Natore 283, 216
—-218.1980) oY H HL KcEcoR ] —Hindl 7 7
yAvEEEABL. 75 A3 F pAT—HSA —EI
8%, 7L70b PUATALTIVAZI—F
T3 OMENOMBERRORANLTOET—F —
EHEBIES LD INENOS £Rcd
WonRTWAERI ¥4 FET L 7ok AT
WNTIVAQOUYIFIWRTFFEI—-FTIEN
$=BHO7 I/ MTreph o5 FAROT I/ M
ThrOaAF VD> THEETIBstEL YA ¢
*HELE, 7L70E AT IVADS
-BBRARE 7 FNV_TFFOT7 I XBH
S3@O7 I/ EMEI—-FT3RIEESUECOR
| —BstED 735 77 ¥ bt %pAT —HSA —ElN O Y)
ML, BohXE&RXDNAVZSTAV £S5
R CEcoR | HHRWEIIE. 3 KISCBsED
BERERFIERL. 7ot tRRTNMT S
VADYISFNWNRTZ7FFO=ZZHDT7 I/ HRET
23— FT3ZEODTEBIEWMDNADZ ST A Y

=0 pAT— X —niSAthO 7L 7ok tBARTALT

I VA cOMEFD 3’ iﬁn!ﬂ&fapnnsaf—:-
23 Bk OHindDl —Banbi | 75727 b EYD
BL. pUC—HSA — 1 ° oYL TL 7O
L FRATVT I VA cDNAD 3 BAEFTHY A
ST FNBRURY ARFESUHMR L pUC18<7
S—HROPREEXQUHIndH —Banli ] 75 7 4
S PEEMLTSAIF pAT—nRSA— AEHML
. ’
(. BREoOEAUSH

B1-1~1—-2BARI=_HSARBR7S5ASZ
Fpl0B—ADE —sHSAO ¥ MBIEERT.

B2-1~2-3EHQREBHSARR75A3
FpJOB—ADE —tESAO EMABARERT.

MIMIRTSAIF pUC—nlSADERBEER
¥,

M4Biz. AR22 (pJDB—ADN —alisSA)(L— ¥ 3)
R UAH22 (pJDB—ADR —tHSA)(L—V5) 5D
RAERPMOSDS—#HYZ7 297 YR
RAMBETHD. 2T y—TY N7V FPT NN

13 13 F3-201987(16)

EcoR | BstBn
5° —AATTCATGAAGTGG -
GTACTTCACCCATIG— 5 '
cAMLE, TROLE, COemTI TSIV EE
TARYVR2LAFF S+ —ETRBTIIER
xDSﬂ—iﬁ%uyﬁmb,MDMUﬁ—fu
tn-oBREFV. XXBOoT7L 7o AR
7AT IR DNMERE T FIATF pAT—nlSAZ
LK.
fBPME 73 AIYF paT—oliSa— AN (B
1R) _
pAT—nHSA (£XMT) 27170t tOAT
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TYWBL. S WAEBNEcR L BAXRBENT
HEE Xhol ¥4 FERUABAMRY v —
EcoRIXholEcoRl

5° —AATTCTCGAG
GAGCTCTTAA— 5 '

EBALTZ S RIF pAT— X —niSAZ L.

IHEBEAVFERBLTHE, L—V 1R
e tHAGRE PAATHLT IV LY 2R
CeRAFRUWTHH . hAKY S5 -¥B (5
F#894.000) . vomMARTALTIY (TR
§7.000) . AT 3 v (5 FRA3.0000 . RE
RASHS (5 FR30,0000 . XEFY T A4
vebE s — (4FR20,0000 RUES 27073
v (HFR14,400) THOLV—-YA4RBRHSAT7S
ZAVIRBATSAI FERERVEEAN22KE
ABPOEARORARABRATH S,

M5 Eiz. AH22 (pJDB—ADH —tHSA) OERE
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AH22 (pJDB—ADE —wHSA) QIR LEA (L—3)
RUBBAESR (L—r6) . AB22OERLA
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Relse tRARE POBZATIY (L
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A7V Z7IVHEGEERBLEBEBRERT.

Mot AT NAT IEI—FT ScINA
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1.

2.

1.

Specifications

Title of Invention:

Human serum albumin fragments

Claims:

Human serum albumin fragments, lacking the C-end part

of human serum albumin.

- Fragments - in accordance with Claim 1 which contain the

amino acid sequence from the aspartic acid in the first
position of human serum albumin to the proline in the

303rd position.

Fused proteins, consisting of human serum albumin
fragments lacking the C-end part of human serum albumin

and other poiypeptides.

Fused proteins in accordance with Claim 3, which
consist of signal peptides and propeptides of humaﬁ
serum albumin and the amino acid sequence from the
aspartic acid in the first position of human serum

albumin to the proline in the 303rd position.

Human serum albumin fragments, lacking the N-end part

of human serum albumin.

Human serum albumin fragments in accordance with Claim

5 which contain the amino acid sequence from the



10.

11.

12.

13.

methionine in the 123rd position of human serum albumin

to the leucine in the 585th position.

Fused proteins, consisting of human serum albumin
fragments lacking the N-end part of human serum albumin

and other polypeptides.

Fused proteins in acéo:dance with Claim 7 which cdnsist
of signal peptides and propeptides of human serum
albumin and the amino acid sequence from the methionine
in the 123rd position of human serum albumin to the

leucine in the 585th position.

DNA sequence which encode the protein fragmehts of
Claims 1 and S and the fused proteins of Claims 3 and

7.
Plasmids which contain the DNA sequence of Claim 9.

Plasmids in accordance with Claim 10, whiéh are
expressing plasmids which contain control sequence for

efficiently expressing the aforementioned DNA sequence

in the host, on the upstream side of the said DNA

sequence.

Hosts which are morphologically transformed by the

plasmids of Claim 11.

A method of manufacturing human serum albumin protein

fragments or fused proteins containing the said human



serum albumin protein fragments, characterized in that,
by culﬁuring the hosts of Claim 12, human serum albumin
protein fragments or fused proteins containing these
fragments are expiessed, and when the fused protein
fragments are expressed the said human serum albumin
protein fragments are cut from the said fused proteins

as desired.

3. Detailed Explanation of Invention:

Field of Use in Industry
This invention concerns protein fragments consisting of
parts of human serum albumin. These protein fragments are
expected to have applications as carriers in transportation

and delivery systems of drugs, etc.

Conventional Technology

‘Human serum albumins are high-molecular-weight plasma
proteins with a molecular weight of 66,458 which are
synthesized in the human liver. 1In the body, they primarily
have the important functions of regulating the osmotic
pressure of the blood, bonding with various substances
(e.g., fatty acids, metal ions such as Cu?* and Ni2*, bile
bilirubin, many drugs, some water-soluble vitamins, etc.)
and thus carrying them to target organs, supplying amino
"acids to tissues, etc. ‘On the basis of these activities,
human serum albumin is used in large quantities in the

treatment of loss of albumin due to burns or gastritis,



etc.; hypoalbuminemia, which occurs when albumin synthesis
is reduced by cirrhosis of the liver; hemorrhagic shock;
etc. Serum albumins also play the role of bonding
nonspecifically with many drugs and transporting thém>in the
blood. It is thought that drugs which bond with albumins
move through the body due to blood circulation and are
eventually liberated from the albumins, pass through the
capillary walls, and are dispersed, thus arriving at their
sites of activity. Albumins have little toxicity and low
antigenicity; they are easily decomposed in the body. They
can be easily covalently bonded with drugs and formed into
complexes. They have the advantages that they have
excellent characteristics as>substrates for drug delivery
(drug carriers), and for many of them, bonding sites with
various drugs have been determined or are suspected, so that
they can be easily designed for the manufacturing of
pharmaceutical preparatioﬁs.

Fundamentally, almost all suspected bonding sites with
many drugs are contained even in human serum albumin
fragments, and are thought to be able to show activities as
drug carriers. When used as carriers, etc., in transport
and delivery systems for drugs, etc., from the point of view
of limiting bonding ability with drugs, etc.,‘it is
predicted that it is more advantageous to use fragments of
human serum albumin molecules, rather than the whole

molecules.



In general, as methods for preparing fragments Of
proteins by cutting them, methods of using chemical
substances such -as cyan bromide or proteases such as
trypsin, pepsin, etc. [to cut] proteins are known. However,
in these methods, since the cut;ing sites are necessarily“
determined by the amino acid sequence of the proteins, it is
not possible to cut them at any a;bitrary desired site, and
therefore it is not possible to obtain ideal protein
’fragments. .Therefore, such fragments cannot be obtained

either from human serum albumin.

Problems Which This Invention Seeks to Solve

In contrast to this, by using recombinant DNA
technology, it is possible to synthesize human serum albumin
fragments consisting of any desired parts in suitable host
cells. Therefore, this invention seeks to provide human
serum albumin protein fragments by recombinant DNA
technology, based on making DNA which encodes the desired
protein fragments of human serum albumin, as well as a
method for manufacturing them.

More specifically,.this invention concerns human serum
albumin fragments:lacking the C-end parts of human serum
albumin and fused proteins composed of the said fragments
and other polypeptides, as well as human serum albumin
fragments lacking the N-end parts of human serum albumin and
fused proteins composed of the said fragments and other

polypeptides; DNA which encodes these protein fragments or



fused proteins; plasmids containing the said DNA; hosts
morphologically transformed by the said plasmids; and a
method for manufacturing human serum albumin protein
fragments or fused proﬁeins containing such fragments which
is characterized in that, by culturing the aforementioned
hosts, human serum albumin protein fragments or fused
proteihs containing these fragments are expressed, and when
the fused protein fragments are expressed the said human
serum albumin protein fragments are cut from the said fused

proteins, in the host cells or in test tubes, as desired.

Concrete Explanation of Invention

The ¢cDNA which encodes normal human serum albumin A has
already been cloned (Public Patent Application No. 63-
037453). Therefore, using this cDNA, it is possible to
manufacture any desired fragments of normal human serum
albumin A by genetic engineering-methods.

This invention provides, as such fragments, (1) serum
albumin fragments lacking the C-ends of human serum albumins
and (2) serum albumin fragments lacking the N-ends of human
serum albumins. For example, this invention provides, as
examples of albumin fragments lacking the C-ends, albumin
fragments which contain the amino acid séquence from the
aspartic acid in the first position of human serum albumin
to the proline in the 303rd position (these are sometimes
called "mini-HSA"), and as examples of albumin fragments

lacking the N-ends, albumin fragments which contain the



amino acid sequence from the methionine in the 123rd
position of human serum albumin to the leucine in the 585th
position (these are sometimes called "contracted'HSA").

These two types of aibumin fragments of this invention
have the following characteristics.

The albumin fragments of this invention all contain the
central parts of human serum albumins. This is because, up
to now, 4 drug‘bonding sites have been discovered on the
human sérum albumin molecule which are contained within this
central part.(sites I-1V) [Sjiholm, I., Ekman, B. E., Kober,
A., Ljugstedt-Pahlman, I., Seiving, B., and Sjidin, T., Mol.
2haxmaggl~_15,‘767—(1979)]; at these sites, several amino
acid residqal groups.which play important roles in bonding

drugs are known [(Fehske, K. et al., Biochem. Pharmacol. 30,
'688-(1981)], and almost all of these are concentrated in the
central part.

Sjiholm et al. have investigatéd the bonding sites of
many kinds of drugs by using microcytes with drugs uniformly
dispersed in human serum albumins;'they classify them as the
diazepam site (site I), the digitoxin site (site II), and
the warfarin site (site III). It also appears that, besides
these, a tamoxifen site (site IV) and a bilirubin bonding
site are présent. Fehske et al. suspected that the amino
acids which play important roles in the bonding sites of
diazépam, warfarin, and bilirubin are, respectively, 395195
and ;;;146; Argl45 and Trp214; and Lysl199 and Lys240. On

‘the other hand, the bonding sites for long-chain fatty acids



such as palmitates appear to be in the C-end region (Reed,
R. G., Feldhoff, R. C., Clute, O. L. and Peters, T., Ir.
Biochemistry, 14, 4578-(1975); Berde, C. B., Hudson, B. S.,
Simoni, R. D. and Sklar, L. A., J. Biol. Chem., 254, 391-
(1979)1; if the human serum albumin.fragments with the C-
ends missing of this invention are used, long-chain fatty
acids cannot be bonded, and the production of drug carriers
which can bond Qith diazepam, warfarin, etc., becomes
possible.

Human serum albumins are high-molecular-weight proteins
composed of 585 amino acids; they have 35 cysteine residual
groups in their molecules, among which only the cysteine
residual group located closest to the N-end side (Cys-34) is
present in A_form whiéh has a free SH group; the others form
disulfide (S-S) bridges with each other; a total of 17 S-S
bonds are formed in the molecule. It has recently been
demonstrated that at least 2 enzymes [peptidylprolyl cis-
trans isomerase and protein disulfide isomerase (PDI)]
contribute to the process of forming higher-order (steric)
structures of protein molecules; it is the latter, PDI,
which plays an important role in forming S-S bridges. 1In
the cells of mammals thch produce serum albumins, the
principal locations where PDI is known to be pfesent are
microsome fractions which contain microcytes. When human
serum albumins are biosynthesized in prokaryotic cells,
including coliform bacilii, the aforementioned ;ea&tions

.occur. There is no guarantee that correct S-S bridges will
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.be formed in the molecules; the Cys-34 may cause a
thiol/disulfide exchange reaction to occur with the cysteine
residual group in the molecule, producing a crossing of the
S-S bridges and thus an isomer. Thus, when cysteine
residual groups which have free SH groups are present, the
efficiency with which proteins arise which take the normal
steric form, which should: be produced, is reduced, and the
risk that proteins with abnormal stericvstructures will also
be abnormal functionally becomes great. Iq contrast to
this, in the albumin fragments of this invention, lacking
‘the N-end part, which contain the amino acid sequence from
the methionine in the 123rd position to the leucine in the
585th position; the Cys34 is removed, together with the
other 6 cysteines located on the amino end side, and this
risk is lessened.

In this invention, as typical examples of the 2
aforementioned typés of albumin fragments, 2 kinds of
albumin fragments with specific amino sequence ranges are
mentioned; the 2 types of albumin fragments ha;e the
characteristics mentioned above, and all albumin fragments
which can exhibit these characteristics are included in the
scope of this invention. For example, the range from'the
methionine in the 123rd position to the proline in the 303rd
position, as the central part in which drug bonding sites
are concentrated, is mentioned as an example; the central
part is not{Ahowever, limited to this range, but may be

longer or. shorter than the 123rd position to the 303rxd
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position, as long as most of the drug bonding szites are
included in it. Moreover, as the C-end region in which
long-chain fatty acid bonding sites are present, and which
must therefore be removed, the range from the 304th position
to the C-end is given as an example, but it is not limited
to this example. The range may be longer or shorter, as
long ;s it contains the long-chain fatty acid bonding sites.
" Furthermore, as the range of the N-end, which contains many
cysteines and which therefore must be removed, the range
from the N-end to the 122nd position is given as an example,
but it is not limited to this range; it may be longer or
shorter, as long as it is an N-end region which contains the
cysteine in the 34th position.

Therefore, various albumin fragments can be designed,
by referring to the following condi;ions; they fall within
the‘scope of this invention. The essential conditions for
desigﬁihg human serum albumin fragments are that fragments
be selected which can be expected to retain steric
structurés.required for bonding specific drugs. The points
which need to be noted are: (i) the S-S bridges present in
the structures of natural human serum albumins must be kept
in their original forms; (ii) therefore, an even number of
cysteine residual groups must be preséﬁt in" the polypeptide
chains forming the fragments; and (iii) cuts must not be
made in the polypeptide chains which form loops by being
bonded by S-S bridges. That is, several of the important

domain structures, or at least the subdomain structures,



which are present in natural human serum albumin molecules,

must not be destroyed.

1. Gene Systems

Host

Normal human serum albumins have many disulfide bonds
in their molecules; in order to manufacture normal human
serum albumins or fragments thereof which have the same
steric structures as the natural ones by recombinant DNA
methods, it is neceséary that these disulfide bonds be
correctly formed in the producing host cells. It has
-recently been demonstrated that, in order to producelndrmal
steric structures, the enzymes protein disulfide isomefase;
peptidyl prolyl cis-trans isomerase, etc., mhst contribﬁte;
it is predicted that, in prokaryotic cells such as coliform
bacilli and hay bacteria, which contain almost no proteins
which have many S-S bonds and assume complex steric
structures, the activities of enzyme systems which are
related to this kind of steric structure formatioﬂ
(folding), even if present, will not be strong. On the
other hand, it is known that the cells of eukaryotic higher
organisms, especially human beings, secrete many proteins
which have complex higher-order structures (including
glycoproteins and other modified proteins) from their cells.
However, even yeasté, which are lower eukaryotes, are known
to secrete proteins by pathways which resemble very closely

those by which proteins are secreted in the cells of mammals

12



[Huﬁfaker, T..C; and Robbins, P. W., I, Bigl, Chem. 257,
3203-3210 (1982); Snider, M. D., in Ginsburg, V. and
Robbins, P. W. (eds.), Biology of Carbohydrates, Vol. 2,
Wiley, New York, (1984), pp. 163-198]. Therefore, many
attempts have been made recently to cause genes from
organisms of other species (especially mammals) (principally
CDNA) to be e#pressed in:yeast cells and to cause the
proteins which are their gene products to be secreted from
their cells. For example, extracellular excretion from
yeasts have been reported for human interferon a, a, and vy,
[Hitzeman, R. A.; Leung, D. W., Perry, L. J., Kohr, W. J.,
Levine, H. L., Goeddel, D. V., Science 219, 620-625 (1983)],
bovine fetal prochymosin [Smith, R. A., Duncan, M. J., Moir,

D. T., Science 229, 1219-1224 (1985)), human epithelium

growth factor {Brake, A. J., Merryweather, J. é., Cbit, D.
'C., Hebeflein; U. A., Masiarz, f. R., Mullenbach, G. T.,
Urdea, M. S., Valenzuela, P., Barr, P. J., E:Qg‘_nagl‘_Agad*
Sci., USA 81, 4642-4646 (1984)}), mouse interleukin 2
{Miyajima, A., Bond, M. W., Otsu, K., Arai, K., Arai, N.,
Gene 37, 155-161 (1985)), human B-endorphin (Bittér, G. A.,
Chen, K. K., Banks, A. R., Lai, P.-H., Proc. Natl., Acad.
Sci. USA 81, 5530-5534 (1984)], etc. The secretion
efficiencies, however, vary widely depending on the target
protein, ffom approximately 80% for mouse interleukin 2 to
4-10% for human interferon. Moreover, among these,
“intracellular transmission using signal peptides of the

protein itself has been attempted for interferon, and

13



experimenters have been successful in cutting these signal

peptides and excreting them. With respect to the others,

the signél seéuence necessary for intracellular tranéport of
proteins of yeasts, such as the signal peptides of yeast
invertase (SUC2), the lééder sequence of‘ccnnecting factors
al (MFal),.été., have been-expressed in a form in which they
aré.directly fused with the mature proteins which are the
targets, and intraceilular.tfansport has-been performed.

Furthermore, thefe are few [proteins] which clearly undergo

processing in the correct locations; in the case of human

intefferon, approximately half undergo correct processing,
but in human ﬁfendqrphin, cutting occurs even within
peptides. ' |

The produciion of substances by genetic engineering
hsing Yeasts as hosts'has the following chafacteristics:

1. . Fermentation production by mass high-density culturing
is easy and economical. . Mdreover, in comparison with
culture cell systems of plants and animals, no
particular strictly controlled culturing apparatus is
required.

2. A great amount of experience in fermentation production
has been accumulated.

3. -Molecular genetic knowledge is accumulating. rapidly.

4. It is easy to incorporate foreign genetic materials in

..cells and genomes.

14
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The understanding of the genetics and physiology of
intracellular transport and extracellular secretion of
proteins is rising rapidly.

If suitable plasmid Vecto;s are selected, foreign genes
can be placed in 4 states: the episome state (using
YEp plasmids); a state in which they are incorporated
into the genome (using YIp plasmids); a sﬁate in which
they can be replicated together with chromosomal DNA -
following cellular division, including the yeast
centromeres (using YCp plasmids); and a state in which
they can be replicated autonomously, including the -
autonomous replicating sequence (ARS) of yeast (using
YRp plasmids). |

Intracellular proéessing of siqgnal peptides, pro
sequence, étc., is possible.

The sugar chains discovered in glycoproteins
synthesized by yeasts are high-mannose sugar chains
which differ from the compound sugar chains in the
glycoproteins of the higher plants and animals, but the
addition of core sugar chains which occurs in the
microcytes of yeasts is a process which is shared with
the higher animals; the differences between the two are

seen only in the addition of outer sugar chains.

" Morphologically transformed bodies can be grown in

complete synthesis culture media by adding vitamins,

micro-quantity factors, etc.



10. Morphologically transformed bodies can be grownveven by

using crude sugar sources, rather than pure glucose.

on the basis of this background, yeast is used as the

host in this invention.

+ (Prepro [purepuro] sequence) -

In order to express human serum albumin fragments in
yeast cells and cause them to be secreted efficiently, it'is
hecessafy for prepro sequence to be present in the N-ends.
Moreover, it is necessary that these prepro sequence be
removed at the time of the secretion of the tafget protein
and that the said targét protein bebsecreted in its mature
form. For this reason, in this invention, the original
prepro sequence of the human serum albumiﬁs are used as the
prepro sequence which satisfy these conditions.

In order to increase the expression of proteins in
-yeast, it is desirable to use codbns which are translated
with good efficiency in yeast as the codons which encode the
'N-end regions of the said proteins. For this purpose, in
this invention, synthetic DNA sequence which are formed from
the codons used with_high frequency in genes which are
expressed with good efficiency in yeast are used as the DNA
sequence which encode the aforementioned prepro sequence.
The following codons, for example, are used as these codons:

Lys=AAG Trp=TGG val=GTT Thr=ACT

Phe=TTC Ile=ATC Ser=TCT Lau=TTG
Ala=GCT Tyr=TAC Arg=AGA Gly=CGT

16



As an example of the DNA part which encodes a prepro
sequence, the following sequence can be used:
AA TTC ATG AAG TGG GTT ACT TTC ATC TCT TTG

G TAC TTC ACC CAA TGA AAG TAG AGA AAC
Met Lys Trp Val Thr Phe 1Ile Ser Leu

EcoR 1
TG TTC TTG TTC TCT TCT GCT TAC TCT AGA
AAC AAG AAC AAG AGA AGA CCA ATG 'AGA TCT
Leu Phe Leu Phe Ser Ser Ala Tyr Ser Arg
GGT GTT TTC AGA CG
CCA CAA AAG TCT GCG C
Gly Vval Phe Arg Arxg

The EcoR I'adhesion'end is placed upstream from the
codon of the‘Mét of the N-end of the aforementioned
'“sequence, and the aforementioned sequence is inserted into
the vector by this limiting enzyme site. Moreover, as the
codon of ‘the Arg of the C-end of the aforementioned prepro
sequence, CGC is used, rather than the codon which was
mentioned above as desirable for translation in yeast; by

this means, it is possible to link the 5’-end with the human

serum albumin fragment which was cut by Cla I.

Human serum albumin fragment genes

The genes which encode human serum albumin A (cDNA)
have already been cloned; their base sequence and the amino
acid sequence which are inferred from the said base sequence
are described in detail in Public Patent Application No.
63-037453. Therefore, in this invention, the plasmids pUC,“

HSA, CH, etc., which contain this cDNA can be used as the



source which provides the genes for encoding the human serum
albumin fragments. Furthermore, the method of making these

plasmids will be given below as a reference example.

Poly A sequence and AATAAA signal

The poly A sequencé and AATAAA signal which are present
downstream from the 3’-end of the code sequence are said to
contribute'to'the stability of the mRNA of eukaryotes
{Bergmann and Brawerman, Biochemistry, 18, 259-264 (1977);
Huez et al., Proc, Natl, Acad. Sci, USA, 78, 908-911
(1981)). Therefore, in a desirable embodiment of this
invention, these séquence are placed downstream from the
cDNA which encodes the human serum albumin A. As the poly A
sequence and AATAAA signal, these sequenée, for example,
which are naturally added to the human.serum albumin cDNA,
‘can be used. The human serum albumin A genes which contain
these sequence have élready been cloned, and are described
in Pﬁblic.Patent Application No.'63-037453. As the source
providing these sequence, one can use, for example, [lambda)
gtll (HSA-I A); the method for making them is described

below as a reference example.

Promoters

In this invention, one can use any promoters which
function in yeast cells. However, it is desirable to use,
in this invention, structural promoters rather than
inducible promoters. This is because, when induction

operations have been performed by using inducible promoters,
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the human serum albumin accumulates rapidly in the cells,
disulfide bonds are formed between molecules, and molecules
which have non-natural steric structures may be formed.

Among yeast promoters which show weak inducibility or
are structural promoters, those_which have strong activities
‘are,'for exampie,_alcohol dehydrogenase (ACH 1) promoter,
glyceraldehydef3-pbosphoric acid dehydrogenase (GAP)
promoter, and glyéeric acid phosphoric acid kinase (PGK)
bromoter. This will be explained concretely by using ADH I
promoter as an example in this invention.

The base sequence of a region of'approxima;ely 2,100
base pairs containing the yeast ADH I genes (ADC 1) has
aiready been determined; besides the sequence of
approximately 1,100 base éairs whiéh encodes ADH I, a 5’
side nonftranslatiqn sequence of 750 base pairs and a 3’
sideAﬁon-translgtiﬁn sequence of 320 base pairs have been
elucidatéd [Benpetzen, J. and Hall, B. J., Biol. Chem., 257,
3018-3025 (1982)]). The GoldbergQHogness box (TATA box),
which is thought to be the recognition sequence by means of
RNA bolymerase in transcription, is 128 bases upstream (-128
position) fromlthe translation-initiating codon ATG; it is
said that the ADH I promoter activity is not lost even if
[everything] upstream from the Sph I recognition site which
is in the -410 position is lost [Beier and Young, Nature,
300, 724-728 (1982)}. The result of transcription by the

ADH I promoter reaches at least 1% of the whole pdly (A) RNA
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in ordinary yeasts [Ammerer, G., Merhnds_ﬁnzzmnlrr_lﬂl, 192-
201 (1983)].

Terminators

Cases have been reported in which the quantity of gene
product is decreased byaread-through in transcripticn [e.qg.,
Zeret, K. S. and Sherm#n, , Cell 28, 563—573 (1992)]. In
order to prevent this phenomenon from occurring, it is -
desirable to place terminators downstream from the
structural genes which are to be expressed.  An example of
piacing yeast terminators downstream from exogenous genes to
'lncrease the expressxon of genes is, for example, an’
experlment in which calf chymos;n was expressed by using a
sandwich vector composed of PGK promoter/termlnator-
increases in expre551on of several fold to about 10- fold due
to the lntroductlon of the terminator were reported (Mellor
et al., Gene, 24, 1-14 (1983)]. - Terminators derived from
various genes can be used fer this purpose; for example,
termlnators from TRP 5 (a tryptophan-synthesleng enzyme)
genes, CyC 1 (180- -cytochrome C) genes, etc., have been
used. In the case of transcription to whxch power ful
promoters conrribﬁte,lir is thought that placing powerful
terminators downstream from them in order to prevent read-
through is more beneficial for controlling expression.
Therefore, in this inventioﬁ, it is desirable to use, for
example, ADH I terminator, GAP Qermrnator, etc., which are

terminators of genes which have powerful promoters.
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Vector elements
We have explained above the elements directly related

to expression which are contained in the expression plasmids
of this invention; however, the expression plasmids of this
invention musi aiso contain yeast replication origin poin;s
and signal geﬁes.. As yeast replication origin points, one
cén use, for example, the replication origin points of 2 im
plasmid DNA derived from yeast. As the:signal genes, one
can use ordinary signal genes, such as genes which
contribute drug resistance to the host, genes which
supplement the nutritional demand ability of the host, etc.
Furthérmore, since it is necessary to perform the
replibation of plasmids in coliform bacilli when.plasmid
.recombinatéon operations are performed, it is desirable that
the plasmijs of this invention be.shdftle [shatoruj'vectors
which céntain coliform bacilli reﬁiication origin points and
signal genes. As vectors thch satisfy the basic conditions
for.such shuttle vectors, one can use the commercial plasmid
pJDB207, etc. The yeast signal genes of this plasmid
pJDB207 are LEU 2 genes which encode the B-isopropyl malic

acid dehydrogenase enzyme, a leucine biosynthesis enzyme.

Expression plasmids
. Therefore, in desirable expression plasmids of this
invention, promoters, genes which encode human serum albumin
fragments with leader sequence which encode prepro sequence

connected to them, poly A sequence, and terminators are-
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inserted, in that order, into shuttle vectors which contain
yeast replication origin points and signal genes, as well as

coliform bacilli replication origin points and signal genes.

2. Morphological transformation

The'morphological transformation of the hoét yeast by
the'ﬁlashids of this invention can be performed by ordinary
methodé;..a concreté example of this is given in Actual
‘E£am§1e 9. |
3. Yeast culture medium and recovery of human serum albumin

fragments

The.host\yeésfs which have been morphologically
transformed by expression plasmids containing human serum
albumih fragment cDNA éan be cultured by ordinary yeast
'chlturing methods. For example, they canlbe cultured in
nétdrai complete media such as YPD and even in incomplete
éynthesis media such as an SD medium with 1% yeast extract
added. |

The recovery of the human serum albumin fragments
éxcreted from the cells after the culturing can be performed
by various methods. It can be expected that the secreted
human serum albumin fragments can be purified to a high
degree by means of fractionating precipitation by ethanol,
acetone, ammonium sulfate, etc.; isoelectric point
precipitation; concentration by ultrafiltration, etc.; and

combinations of various kinds of chromatography and the
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" aforementioned partial purification methods after the
pérfial purification has been performed.

The method of making cDNA which encodes the whole
normal human serum albumin A or most of it is described
concretely in Reference Example 1. The whole of the DNA
which encodes the target protein fragment can be chemically -
synthesized by the usual methods, or it can be prepared from
thé aforementioned cDNA. When it is prepared from the cDNA,
‘"the cDNA which encodes all or most of the normal human serum
albumin A is cut by a suitable limiting endonuclease inside
_the_S' end or 3’ end of the cDNA region which encodes the
>ta£get préteiﬁ fragment and the lacking end code sequence
are made up by chemlcally syntheSLzed DNA. Otherwise, the
cDNA is cut by a suitable limiting endonuiclease outside the
S' epd or 3' end of the cDNA region which encodes the target
proﬁgiﬁ.fragmep;, and the excess DNA part can be removed by
an exonucleasé. Of these two methods, different methods for
processing the 5’ end gnd the 3' end can be combined..

In the example of this invention, as the DNA which
encodes the fused protein of the signal peptide and
propeptidé of human serum albumin and mini-HSA, a fusion of
the bNA which encodes the signal peptide aﬁd propeptide of
huméh serum albumiﬁ and Aspl to Prol52 of human serum
albumin A from plasmld pUG HSA-BH, which contains the DNA
whlch encodes the signal peptide and propeptide and the
whole length of the mature human serum albumin molecule,

already described in Public Patent Application No. 63-
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268302, and the DNA fragment which encodes Glul53 to Pro303,
cut from the plasmid.pUC-HSA-I described in Public Patent
Application No. 63-268302, can be used. As the DNA which
encodes the condensed HSA, the prepro sequence of human
serum albumin from the cDNA clone HSA-II (described in the S
63 2/22 [i.e.. Feb. 22, 1988) application part), lacking the
part which encodes the carboxyl-end side of human serum
albumin, and the part which encodes the condensed human
serum ‘albumin (Met123-Leu585) from pAT-trp-phoA-tHSA
(described in the H 1. 9/25 ([i.e., Sept. 25, 1988]
.application part), which contains the DNA sequence which
encodes a fused protein of the signal peptide of coliform
bacillus alkali phosphatase and condensed human serum
albumin, are individually obtained and then connected by a
suitable method.

The DNA which encodes the normal human serum albumin
fragments .of this invention can be expressed in itself, but
it can also be expressed in a form in‘which it is linked
. with DNA encoding other peptides, and a fused protein can be
obtained. Various peptides can be used as fusion partners
for obtaining this kind of fused protein. One of these, for
example, is the leader sequence of the human serum albumin.
When the target human serum albumin fragment is obtained as
this kind of fused protein, the leader sequence can be
removed later, either in the cell or in a test tubé, and the

- human serum albumin fragment -obtained.- .
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In order'terxpress the human serum albumin fragment, .
for example, the DNA which encodes the fused prbtein is
inserted into a suitable expression vector, e.g., a plasmid,
after which the said vector is introduced into the host, as
described above. As the host for ﬁhe expression, one can
use-eukaryotic'cells sﬁch as anima; qells or yeasts, or
prokaryotic cells such as bacteria; the vector is chosén

according to the host.

Effectivenéss of Invention

Since tﬁé albumiri fragments which lack the C-end
regiéns‘of>this invention lack the long-chain fatty acid
bonding sites which are present in the C-end, they have the
advantage that they do not bond with long-chain fatty acids,
but do bond with various drugs in their céntral-regions. On
the other hand, ﬁhe albumin fragments which lack the N-end
regions, lack Cys34 and many other cysteine residual. groups
and are advantégeous for stable folding of proteins.

Next, the manufacturing of the human serum albumin
fragments of this invention will be explaiﬁed concretely by
means of actual examples.

In the actual exampies, unless otherwise mentioned
specifically, the enzyme reactions for treating the DNA were

performed under the following conditions.
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Experimental Method

Eﬁzyme Reactions . '

The various énzyme reactions were performed under the
foliowing conditions. Digestion of DNA by the limiting
enzymes EcoR I (Nippon Géne Co.; 20 units/_ 1), Hind IIT
(Takara Shuzo Co.;‘ 10 units/pl); BamH 1 (Takara Shuzo Co.;
18 uniﬁs/pi); Xho I (Takara'Shuzo Co;;' 12 units/pl):
sterilized distilled water Qas added to 2 ug DNA, 1 ul
enzyme, and 2 pl 10 x EcoR I buffer solution [1 M Tris-HCl
(pH 7.5), 100 mM MgCl,, 500 mM NaCl] to make 20 pl.

Reaction was performed for 1 hour at 37°C to éerform the
cutting. In the cases of BstE II (Nippon Gene; 7.5
.units/ul) and Pat I (Nippon Gene; 20 units/pl), instead of
the 10 x EcoR I buffer solution, 100 mM Tris-HCl (pH 8.0),
70 mM MgCl,, and 1.5 M NaCl were used; the reaction was
performed by holding the temperature for 1 hour at 60°C, for
. BstE II, and 37°C, for Pat I. in the case of Sun I (Nippon
Gene; 10 units/pl), instead of the 10 x EcoR I buffer
solution, 4 pl 100 mM Tris HCl (pH 8.0), 70 mM MgCl,, and
200 M KCl were used; the reaction was performed by holding

- the temperature for 1 hour at 37°C. The T4 ligase treatment'
was performed under the following céndition#. Sterilized
distilled water was added to 1 pg vector DNA, a molar
quantity of DNA fragment equal to that of the vector DNA, 2
pl 10 x ligase buffer solution (660 mM Tris-HCl (pH 7.5), 66

mM MgCl,, 100 mM dithiothreitol, 1 mM ATP] and 1 pl T4 DNA
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ligase (Takara Shuzo [Co.]); approximately 400 units/pl) to
make 20 pul, and the temperature was held at 16°C overnight.
Actual Example 1. Formation of mini-HSA expression plasmid
in yeast

The formation of the mini-HSA expression plasmid was
perférméd as foilows. First, the fragment which encodes the
natural HSA prepro sequence and Aspl-Prol52, cut from pUC-
HSA-EH (Reference Example 3) by EcoR I-Hpa II, and the
fragment - which encodes Glul53-Pro303, cut from pUC-HSA-I
(Reference Example 5) by Hpa II-Pst I, were inserted into
the EcoR I-Pst I site of the plasmid pUC19, to make the
plasmid pUC-mHSA-EH. This pUC-mHSA-EH was cut at the ECOR I
site, which is in the 5’ end of the prepro HSA cDNA
sequence; here, a synthesis linker both ends of yhich are
EcoR I adhesion end sequences and which has an Xho I site
inside it was.inserted to make plasmid pUC-mHSA. The
f#agment cut from this pUC-mHSA by Xho I-Hind III and the
region including the poly A signal and poly A sequence in
the 3’ side sequence of prepro HSA cDNA, cut from pUC-nHSA
by Hind IiI-BamHAI, were inserted at the Xho I-BamH I site
to make plasmid pUé-mHSA-A. The plasmid pUC1BX used here
was made by insérting a synthesis linker Body ends of which
.are EcoR 1 adhesion end sequences and which has an Xho I
site inside it, in the same manner as was mentioned above,
at the EcoR I site of pUC18. Moreover, pUC-nHSA is a
plasmid which was made by the double digestion of the

plasmid pAT-nHSA-A (Reference Example 8), containing the



natural prepro HSA cDNA sequence, by Xho I/BamH I, obtaining
a fragment containing the prepro HSA cDNA part, and joining
this with the large fragment obtained by the double
digestion of pUC18X by Xho I/BamH I. Next, the Xho I-BamH I
fragment containing the prepro mini-HSA translation region
of the plasmid pUC-mHSA-A, the poly A signal and the poly A
sequence was joined with the larger fragment cut from the
 pJDB-ADH-nHSA-A plasmid (the coliform bacillus Escherichia
coli HB101/pJDB-ADH-nHSA-A containing this plasmid was
internationally entrusted té the Microbiology Industry
Technology Institute_of the Agency of Industrial Science and
Technology [in Japan], -based on the Budapest Convention, on
June 8, 1989, as FERM BP-2454) by Xho I-BamH I, making the
pJDB-ADH-mHSA plasmid. |

Actual Example 2. Formation of contracted HSA expfession

plasmid in yeast
The fq;mation of the contracted HSA expression plasmid

was performed as follows. First, the cDNA clone HSA . II,
lacking the part which includes the carboxyl end side of the
.human serum albumin, was cut_by EcoR I; the fragment
produced was inserted at the EcoR I site of pUC19 to obtain
plasmid pUC-HSA-IIB. The fragment containing the 5’ side
non-translation region of HSA and the natural HSA prepro
sequence were cut out of the plasmid pUC-HSA-IIB by EcoR I-
Tag I and iqserted into the plasmid pUC18 at the EcoR I-Acc
I sité, haking ;he plasmid pUC-Sig. The fragment containing

the 5-side non-translation region of HSA and the natural HSA
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.joined to the larger'fragmeﬁt cut out of the plasmid pJDB-
ADH-nHSA-A by means of Xho I-Sma I, making the expression

plasmid in the yeast pJDB-ADH-tHSA.

Actual Example 3. Morphological transformation of yeast

The morphological transformaticn of the yeast by the

HSA-fragment-expressing plasmids pJDB-ADH-mHSA and pJDB-ADH-

tHSA was perfo;med by a quification of the KUR method of
.Hideaki Hashimoto and Mitsuru Kimura [Hakko to Kogyo, 43,
'630—63i (1985)]. First, 1 ml of an overnight YPD medium
culturingwsoiﬁtion of strain AH22 (MATa, leu2-3, leu2-112,
his4-519,:canl) was added to 50 ml of YPD medium {1% yeast
‘extract (Difcé), 2% Bactopeptone [?) (Difco), 2% glucose],
.and culturing was performed at 30°C until tﬁe absorbance at'
600 nm reached 0.5. The bacteria were c&llected from this :
by centrifuging at 4°C and 2000 rpm for 5 minutes, and the
bacterium bodies were suspended in 5 ml of 0.1 M LiSCN.
Next, 1.5 ml of this were drawn off and the bacteria were
collected by centrifuging at 2000 rpm for 5 minutes; the
.bacterium bodies were suspended in 10 pl of 2 M LiSCN and 46
ul of 50% polyethylene glycol 4000. 10 ul of DNA solution
(containing 5-10 pug DNA) were added, and the temperature was
held at 30°C overnight. SOO-pl sterilized distilled water
were added to this suspeﬁsion, and agitation was performed
slowly with a vortex mixer, after which cgntrifugipg.was
performed at 2000 rpm for 5 minutes to concentrate the

bacteria. The bacterium bodies were resuspended in 100 ul
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stefilized distilled water, and this was sprinkled on an
agar-agar médium for selection {SD medium: 20 pg/ml
"histidine hydrochloridé, 0.67% yeast nitrogen base
containing no amino acids (Difco), and 2% glucose, to which
2% agar-agar was added]. After culturing for several days
at 30°C, the éolony obtained was examined by the method
shown in Actual Example 4 to detect the expression of HSA
fragmenﬁs. In this way, AHZZ (pJDB-ADH;mHSA) and AH22
(pJDB-ADH-tHSA) containing plasmids which expressed the

respective HSA fragments were obtained.

Actual Example 4. Expression of HSA fragments

The aforementioned morphologically transformed AH22
(pJDB-ADH-mHSA) and AH22 (pJDB-ADH-tHSA) were cultured for'
24 hours in 5 ml YPD medium at 30°C. |

The detection of the HSA fragments secreted from the
cells was performed a follows.v The culture solution was
centrifuged at 10,000 rpm for S5 minutes, after which 800 ul
of the supernatant were drawn off, 800 ul ethanol were
added, and the result was left standing in ice for 30
minutes. - fhis was centrifuged at 12,000 rpm for S minutes
and the precipitate obtained was dried in a éentfifugal
evaporator, after which the result was dissolved in 20 ul
SDS-PAGE sample buffer sdlution (2% SDS, S% 2-
mercaptoethanol, 7% glycerol, 0.00625% bromophenol blué, and
0.0625 M Tris-HCl buffer solution, pH 6.8) and boiled for 5

minutes. After 10 ul of this sample were subjected to
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electrophoresis by 4-20% separation gel concentration SDS-
polyacrylamide gel {Laemmli’s method: Nature (London) 277,
680 (1970)], after which staining was éerformed with quaéﬂ;"
[?] brilliant blue (CBB).

Moreover, Western blotting was performed as described
below on the gel after electrophoresis was performed in this
manner. That is, after the SDS—?AGE was completed, the gel
was blotted on a nitrocellulose filter (Bio-R&d Co., Trans-
blot(R)) by using a blotting apparatus (Tefco Co., Model
TC808). After the blotting was completed, the filter was
treated for 30 minutes with a TBS solution [20 mM Tris-HCl
(pH 7.5), 0.5 M NaCl] containing 3% gelatin; after this,
washiné was performed for 5 minutes with TTBS solution (TBS
solution containing 0.05% Tween 20), changing the TTBS
solution twice. Next, the filier was transferred to a
solutioh of Toyo Wasabi peroxidase-tagged anti-HSA
antibodies (Cappell [?] Co.), diluted 1000-fold with a TTBS
solution'conﬁaining 1% gelatin, and a treatment was
performed for 1 minute. After the filter was washed twice
with TTBS solution and once with TBS solution (5 minutes
each time), it was transferred to a TBS solution containing
0.015% H,0,, 0.05% HRP color development reagent‘(Bio-Rad
Co.), and 20 % methanol, and reaction was performed for 15
minutes. After this reaction was-completed, the filter was
washed with water.

The detection of the HSA fragments which had

accumulated in the bacterium bodies was performed as
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f§llo§é; That is, 300 pl culture solution were centrifuged
“aﬁ‘SOOO rpm for 5 minutes to collect the bacteria, the
bacterium bodies were suspendéd in 30 yi SDS-PAGE sahple
buffer solution, and boiling was performed at 100°C for 10
minutes. 10 ul of this sample wefe subjected to
electrophoresis by the‘same method as above, and Western
blotting was performed. Cm?*ﬁd’kb

' The results of the Cgma§hi-5rilliaht blue (CBB)
staining are shown in Fig. 4. In this figure, lane 1 is the
HSA standard, lanes 2 and 6 are the molecular weight
standards, lane 3 is the AH22 (pJDB-ADH~-mHSA) expression
product, lane 4 is ﬁhe host AH22 cultured materiai, and lane
5 is the AH22 (pJDB-ADH-tHSA) expression product. The
results of the Western blotting are shown in Fig. 5. 1In
this figure, 1&ne'i‘is the host AH22 cultured material, lane
2 is thé‘AH22'(pJDB-AbH-tHSA) culture supernatant, lane 3 is
the AH22 (pJDB-ADH-mHSA) culﬁure supernatant, lane 4 is the
HSA standard, lane 5 is the protein in the cultured cells of
the AH22 (pJDB-ADH-tHSA), lane 6 is the protein in the
cultured cells of the AH22 (pJDB-ADH-mHSA), and lane 7 is
the protein in the cells of the host AH22.

As shown in the figﬁre, mini-HSA was secreted from the
'bacteria, and was identified as the band at a molecular
weight of approximately 35,000 in the SDS-PAGE. However,
the contracted HSA was secreted in a small quantity in the

medium; a large quantity was accumulated in the bacteria.
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Actual Examplé 5. Purification and analysis of mini-HSA
. The aforementioned morphologically transformed AH 22

(pJDB-ADH-mHSA) was cultured for 40 hours in 4 1 YPD medium
{1% yeast ektract (Difco), 2% Bactopeptone [?] (Difco), 5%
glucose] at 30°C. 1500 ml of this culturé solution was
cooied to O°C and 1500.mluof ~-20°C ethanol weré added, after
.which stirring was performed for 30 minutes at 0°C. The
precipitate obtained by centrifuging at 12,000 rpm for 15
minutes  was dissolved_in,30 ml of 100 mM Tris-HCl 5uffer
solution, pH 8.0, after which 100 ul of 10 mg/ml RNaseA
(heat-treated) were added, and a treatment was performed for
15 minutes at room temperature. After this was dialyzed
overnight against 750 mM NaCl ahd 10 mM sodium phosphate
buffer solution, pH 6.9, it was centrifuged at 18,000 rpm
for 10 minutes and the supernatant was obtained; This

. supernatant was injected into a hydroxyapatite high-
performance liquid chromatography column (Tonen
Hydroxyapatite TAPS-052110 (¢21 x 100 mﬁ)] and eluted by a
10 mM-200 mM phosphoric acid concentration gradient at a
flow rate of 3 ml/m;n, for 60 minutes. The identification
of the mini-HSA peaks was performed by the 280 nm absorbance
and by SDS-PAGE;

After the mini-HSA peaks obtainéd_were dialyzed against
water, freeze-drying was performed, and they were dissolved
in 3 ml of 500 mM NaCl, SO mM Tris-HCl, pH 8.0, and 0.05%
NaN;. This sample was injeqted into a Sephacryl S-200

(Pharmasia Co., super-fine grade (1.5 x 90 cm)] gel



filtration column, and elution was pgrformed at a flow rate
of 8.6 ml/hr, usiﬁg the same solution as the sample solvent.
The identification of the mini-HSA peaks was performéd in
the same manner as above. Next, the mini-HSA peaks obtained
were injected into a reverse-phase'high-performance liquid
chromatography.column'[TSK gel, phenyl-5PW RP (4;6 x 76
mm)], and elution was performed in the presence of 0.1%
trifluoroacetic acid, at a flow rate of 1 ml/min, with an
acetonitrile concentration grédient of 0%-70%, for SO
minutes. The result of identification by 250 nm absorbance
was that the mini-HSA was detgcted as 2 peaks; these peaks

were taken to be the final purified standard product.

Identification of N-end amino acid sequence of mini-HSA

After the purified mini-HSA sampleiwas freeze-dried, it
was dissolved in trifluoroacetic acid and the N-end amino
‘_acid sequence was identified by meéﬁs of én amino acid
sequence automatic analyzer (Applied Biosystems éo., Protein
Sequencer 477A). The N-end amino acid sequences of the two
mini-HSA identified by the amino acid sequence automatic
anaiyzer were both as follows:

Asp-Ala-Hys-Lys-X-Glu-Val-Ala-

This sequence is the same as the N-end amino acid
sequence of mature HSA. Thus, it was found that the same
processing was performed in the expression and secretion of

mini-HSA as with natural HSA.
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‘Identification of amino acids of C-end of mini-HSA

After the mini-HSA sample purified above (approximately
1 nmol) was put into a test tube for hydrolysis and freeze-
dried, 50 pl hydrazine anhydride (A@icn Co.) were added,
and reaction was performed under a vacuum, at 100°Cc, for S
minutes. After cooling to room temperature, the excess
" hydrazine was removed by vacuum, and further drying was.
performed errnight in a vacuum desiccator. This sample was
analyzed for amino acids by using an amino acid automatic
analyzer (Nippbn Denshi Co., JLC-300), and the C-end amino -
acids were identified. Moreover, after the above sanple was
hydrolyzed by hydrochloric acid, the amino acid analysis was
performed in the same manner, the sample was quantitatively
détermined,.and ﬁhe rate of recovery of C<end amino acids
was obtained. As a result, the C-end amino acid of the
hini;HSA‘was identified as Pro for both purification peaks
by tﬂe hydrazine decomposition metﬁod. Since the
coﬁstructed mini-HSA should have‘Pro on the C end, this

resultvdoes not contradict that fact.

Analysis of amino acid composition of mini-HSA

The mini-HSA sample.purified abo#e (approximately 100
pmol) was put into a sample test tube and freeze-dried,
after which it was put into a PICO-TAG (TM) workstation
reaction vial. 500 pl of constant-boiling-point -
hydrochloric acid (Wako Junyaku Co., for accurate analysis)

were put into this reaction vial, and hydrolysis was
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performed undér a vacuum at 110°C. The reaction time was
made 24, 48, and 72 hours. After the hydrolysis was
completed, the.hydrochloric acid in the sample test tube was
removed under a vacuum, and the amino acid composition of
the sample obtained was analyzed by using an amino acid
Zaﬁtématic énalfzerA(Nippon Denshi, JLC-300).

The results are shown in the following table.

Peak 1 (amall peak) Peak 2 (large peak)

- Amino ' Bmpirical Theoretical Anino Empirical Thearetical
acid value valie acid value value
Ala 35.0 35 Ala 35.0 3s
Arg 12.8 14 Arg 3.4 "
Asnx 3.9 3 i Ala 3.7 3
cys KD ‘ 19 cys o 19
Glx 45.5 @ ) Glx 45.3 a2
cly 12.8 14 Gly 7.5 7
His 11.4 i 10 Bis 11.0 10
Ile . a.s s Ile R s
Leu 29.6 : 32 Leu 30.0 ' 32
Lys 28.3 ' 28 1ye 26.0 28
Mot 3.0 3 Mat 2.6 3
Phe 16.9 17 . Phe 17.0 17
Pro 1.4 12 Pro 12.0 12
Sar. 1049 12 . 8ar 1.7 Y
Thr 11.7 12 © Tnr 11.8 12
Trp KD . . 1 Trp ) 1
v 7.3 8 Tyr 7.6 )
val 14.7 15 val 1¢.8 15
KD = Kot determined WD = Bot determined

_As is-clear from the table above, the empirical values
obtained are almost exactly the same as the theoretical
values, and, combined with the results for the‘N-end amino
acid sequence and the C-end amino acids shown above, they
show that the structure of the mini-HSA which was expressed

and excreted was the_structure that was constructed.
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Reference Example 1. Screening of clones containing

normal human serum albumin A CDNA
For the sake of screeniné clones containing normal

human serum albumin A cDNA by plaque [?-puraaku]
hybridization, a human liver cDNA library made by using
f lambda] gtll'of the U.S. Clontech Co.as thé vector was
used. The [lambda] gtll recombinant phages were inoculated,
using coliform bacillus Y1090 as the hoét, and a total of
S.Sﬁx 165 morphologically-transformed plaques were formed on
an LB agar-agar medium (Luria‘medium.+ 1.5§ agar-agar).
After the recombinant DNA was transferred to a membrane
filter (Amersham Co. Hybond-N), the screening was performed
by using 3 kinds of synthetic oligonucleotides tégged with
32p radioactive isotope (specific activities 2 107cpm/ug) as
probes ([Benton and Davis, Science 196, 180-182 (1977)].
These 3 probes are the same sequences, respectively, as,
among the human seruﬁ albumin cDNA sequences reported by
Lawn et al. [Nucleic Acids Res, 9, 6103-6114 (1981)], the
one containing the 5’ non-translation region (the part from
12 nucleotides upstream from the ATG codon of the:
translation start to the nucleotide before the ATG codon)
and the translation region (the methionine codon of the
amino end, i.e., the part encoding the 9th amino acid
'leucine from the ATG) (HSA-1); the one encoding the 260th
leucine from the 248th glycine (HSA-2); and the one
containing the part which encodes the carboxyl end 585th

leucine from the 576th valine and the 3’ non-translation



region composed of the following 6 nucleotides (HSA-3). The
synthesis of this probe was performéd by using an automatic
DNA synthesizer; the tagging was performed by using [y-32P]
ATP and polynucleotide kinase. Among the 200 [lambda)] gtll
clones which gave positive signals with HSA-2, DNA was
prepared from 4 (Blattner et al., Science 202, 1279-1284
(1978) ], this was digested with EcoR I enzyme, and the
Southern blot of the digested material was hybridized with
the HSA-2 probe [Southern, E.; J. Mol, Biol, 503-517
(1975)]. The hybridized fragments were obtained from 3
clonés; their lengths were 1.8 kb, 1.4 kb, and 1.3 kb.
Among these, the fragments with the lengths of 1.8 kb and
1.3 kb were .sub-cloned with the puUC1l9 vector. These
subclones were screened by colony hybridization [Grunstein
and Hogness, Proc. Natl, Acad. Sci. USA 72, 3961-3965

. (1975)], using HSA-1 and HSA-3, respectively, as probes. As
a resuli, a clone [lambda] gtllA(HSA I-A) which hybridized
only with HSA-3 was obtained. Various DNA fragments of this
clone were transferred to the vectors for determining base
sequences M13mpl8 and mpl9 RP-DNA, and the base sequences
Qere determined by the dye deoxynucleotide termination
method [Sanger, F., Nicklen, S., and Coulson, A.R., Proc,
Natl, Acad, Sci, USA 74, 5463-5467 (1977)]. On the other

- hand, with 20 of the clones which gave positive signals in
the plaque hybridization of the {lambda]) gtll clones
performed by using'HSA-2 as the probe, -plaque hybridization

was performed again using HSA-1 as the probe, and one clone
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(lambda] gtll (HSA-II) which gave a positive signal was
obtained. Phage DNA was prepared from this, and the EcoR i-
digested material was Southern-hybridized using HSA-1 as the
probe; the 1.25 kb fragment (HSA-II) Qas confirﬁed to be
hybridized with the probe. The base sequence of this
fragment was determined by the d#; deoxynucleotide
termination method. HSA-II did not hybridize with the HSA-3
probe. As a result, it was found that HSA-II lacked the
Vpart which encodes the carboxyl end side, HSA-I-A lacks the
part whiéh encodes the amino end side‘of the human serum
albumin, and the codon which.encodes the 304th serine (TCA)
was changed fo opal codon TGA of the translation termination
codon. Fig. 6 shows the limiting enzyme maps of these two
DNA fragments. The accurate positions of the amino acid
fecognition sités‘were obtained from the final base

sequence.

Reference Example 2. = Rreparation of plasmid pUC-HSA-CH
{Eig. . 7)

The plasmid pUC-HSA-CH, containing the DNA which
_encodes the whole of the mature normal human serﬁm albumin
A, was prepared in the following manner. |

A fragment was prepared from the clone [lambda] gtll
(HSA-II), containing HSA cDNA obtained from the human liver
cDNA library, by EcoR I and Xba I digestion; this.fragment
was joined with the larger of the fragments obtained by

~double digestion of the pUC19 plasmid by EcoR I and Xba I,
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using T4 DNA ligase, and the recombinant plasmid pUC-HSA-EX
was construéted.

The smaller of the fragments produced from this plasmid
by double digestion by Aha III and Sal I was prepared. This
fragment encodes (the part] from the 12th Lys to the 356th
Thr of the mature normal human serum albumin A protein. 1In
order to construct the genes which encode the ﬁature normal
human serum albumin A protein from the amino end, the DNA
sequence correspondingrto the 5’ end was made by annealing 2
chemically—synthesized fragments. This synthetic DNA
sequénce has the adhesion end sequence CG produced by
cutting with the Hpa II and Cla I enzymes on the 5} end
side, so that it can fuse with the DNA sequence wﬁich
encodes the signal peptide of alkaline phosphatase, and it
has the sequence which encodes [the part] from the first
amino acid Asp to the 1l1th amino a;id Phe of mature normal
human serum albumin A. T4 polynucleotide kinase was caused
to éct on this annealed DNA sequence to-phosphorylate the 5’
. end, and this was mixed with the product of double digestion
by Aha III/Sal I, produced from pUC-HSA-EX. Furthermore,
this was mixed with the larger of the fragments produced by
‘double digestion by Cla I/Sal I of pAT153 (made by Amersham
Co.; Twigg, A. J. and Sherratt, D., Nature 283, 216-218,
1980), a typical multi-copy cloning vector of coliform
bacilli; ;hese 3 (fragments] wee joined by T4 DNA ligase,
and the recombinant plasmid pAT-HSA-CX was obtained. On

this plasmid, the DNA sequence encoding [the part] of the



42

normal human serum albumin A from the first amino acid Asp
to the 1l1th amino acid Phe was connected. The pAT-HSA-CX
was double-digested by EcoR I/Xba I, and the smallef
fragment, containing the DNA sequence which encodes {the
part] of the normal human serum albumin A from Aspl to
Phe356 was obﬁained. |

On the other hand, as for the cDNA which encodes the
carboxyl end side of'the‘HSA—A, an EcoR-I fragment (into
which a] foreign cDNA sequence from the clone ([lambda] gtll
(HSA IfA),'obtéined from the human iiver cDNA library, was
inserted was prepared, and it was clonéd in the recombinant
.plasmid pUC-HSA-1’ by inserting [it]) at the EcoR I site of
the puUC18 plasmid. In this ﬁay, (the part] of HSA-A from
the 358th amino acid Leu to the 585th amino acid Leu of the
carboxyl end was encoded; furthermore, a double digestion
. product by Xba I/Hind III, containing 62 nucleotides of the
non-translation region of the 3; side, was prepared. This
was mixed with the larger of the fragments of the double
digestion product of EcoR I/Xba I obtained from pAT-HSA-CX
and the double digestion product of EcoR I/Hind III of
.pUC19; a linking reaction was performed by T4 DNA ligase,
and the recombinant plasmid pUC-HSA-CH, containing all of
the cDNA of the mature normal human serum albumin A, was

obtained.
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RUC-HSA-EH (Fig. 7}
Four oligonucleotides were synthesized which had the
following sequences:
1. AATTCATGAAGTGGGTTACTTTCATCTCTTTGTTGTT
2. AGAACAAGAACAACAAAGAGATGAAAGTAACCCACTTCATG
3. CTTGTTCTCTTCTGCTTACTCTAGAGGTGTTTTCAGACG
4. CGCGTCTGAAAACACCTCTAGAGTAAGCAGAAG
by the phosphoamidité method described in Matteucci, M. D.
and Caruthers, M. H., Tetrahedron Letters 21, 719 (1980),
using an automatic DNA synthesizer (Applied Biosystems Model
380B). After the oligonucleotide fragments were 5’-
4‘phosphorylated by T4 polynucleotide kinase, annealing was
performed. Next, they were joined by T4 DNA ligase, and one
double-strand.DNA which encoded the prepro sequence was
obtained..
Next, the plasmid pUC-HSA-CH (Referehce Example 2),

which contains the cDNA of the normal human serum albumin A,
was double-digested by the limiting enzymes EcoR I and Cla
I, and the larger fragment was obtained; this was joined to
the aforementioned synthetic DNA by T4 DNA ligase, and the

plasmid pUC-~-HSA-EH was made.
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ala(151) (Fig. 8)

The construction of a gene fragment which had a BamH I
adhesion end on the 5’ -end, an Hpa II (Msp I) recognition
sequence near the 3° end, and the dogble chain part of which
cohpletely encoded the Met(123)-Ala(151) of humah serum
‘albumin ;as performed as ‘follows. In order to express
[these genes] efficiently in coliform batilli, a ‘sequence
was designed which contained as many codons as possible
which are frequently used by genes which afe expressed with
high efficiencies in coliform bacilli (preferential codons).
tRNA species with respect to these codons are generaily
present in 1ar§e quantities in coliform bacilli [e.g.,
Ikemura, T. J., Mol., BRiol., 151, 389-409 (1981); Gouy, M.
and Gautier, C., Nucleic Acids Res., 10, 7055-7074 (1982)],
and they can be expected to affect the translation
efficiency.

The following 4~oligonucleotides:
5'-GATCCATGTGCACCGCTTTCCACCACAACGAAGAAACCTTCC—3;

S—AGGTATTTTTTCAGCAACGTTTCTTCGTTGTCGTGGAA
AGCGGTGCACATG-3"'

5’ -TGAAAAATACCTGTACGAAATCGCTCGTCGTCACCCG
TACTTCTACGCTCCGG-3"

5 -CGAAGAACAGCAGTTCCGGAGCGTAGAAGTACGGGTGA
CGACGAGCGATTTCGTAC-3 "

were synthesized by using an automaticvsynthesizer (Applied
Biosystems Model 380B), applying the phosphbamidite method

developed by Caruthers et al. [Matteucci, M. D. and



Caruthers, M. H., Tetrahedron Letters 21, 719 (1980)]. The

DNA chains synthesized (approximately 30 pmoles) were
treated in a solution of 50 mM Tris-HC1 (pH 7.6), 10 mM
MgCl2, 5 mM dithiothreitol, and 0.2 mM ATP (50 pl), in the
presence of 6 units of T4 polynucleotide kinase (Takara
Shuzo Co.), ét 37°C, for 60 minutes, and their 5'-ends were
phosphorylated.

The 4 phosphorylated fragménts were mixed and kept in a
'100°C water bath for 5 minutes, after which they were left
to cool to room temperature and annealing was performed. 2
pl of T4 DNA ligase (800 units, Takara Shuzo Co.) were added
and the temperature was held at 16°C overnight, joining thé
fragments and making a double strand fragment. Next, this
double strand fragment was cut with Hpa II (Msp I) to obtéin

a 96 bp fragmeﬁt.

Reference Example 5. Preparation of DNA fragment

encoding huma:. serum albumin

fragment Met(123)-Pro(303)
{Eig, 8)

The [lambda) gtll human cDNA Clone (HSA-1A) lacking the
part which encodes the amino end side of normal human serum
balbum;n and containing a sequence in which the codon coding
the 304th serine is changed to a translation termination
codon (Reference Example 1, Fig. 6) was cut by EcoR I and

the human serum albumin cDNA part was taken out; this was
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inserted into the EcoR I site of plasmid pUC19, making
plasmid pUC-HSA-I.

pUC-HSA-I was cut with Pst I and the 5’'-end phosphoric
acid group produced was removed by treating with bacteria
alkaline phosphatase; after this, the result was cut with
Hpa-II (Msp I); and thé 750 bp fragment was removed. This
750 bp fragment was joined with the 96 bp fragment
synthesized in Actual Example 1 by means of T4 DNA ligase, .
using the correspondence of the adhesion ends of Hpa II (Msp
I). After this,. it was joined with the larger fragment of
the double digestion product of pUC19 by BamH I and Pst I,
by means of T4 DNA ligase, and the pSAL II plasmid was

obtained.

_ L _ :
AATAAA si ) Fi 9
(Lambda} gtll (HSA-I A), containing the 3’ side region
of the cDNA of human serum albumin A (Reference Example 1,
Fig. 6) was digested by EcoR I to obtain a DNA fragment
containing the cDNA of human serum albumin A; this was
- joined to the plasmid pUC18, cut by EcoR I, and plasmid pUC-

HSA-I’ was obtained.

{Eig. 9)

The prepro human serum albumin A cDNA part was cut from

the plasmid pUC-HSA-EX containirng the S'’'-non-translation

region and the former half of the coding region of prepro-
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human serum albumin A cDNZ, by double digestion by means of
EcoR I and Xba I, and (this fragment] was joined with the
Xba I-Hind III fragment cut from the plasmid pUC-HSA-I’,
containing the latter half of the coding region of the cDNA
of human serum albumin A and the 3’-non-translation region,
and the EcoR I-Hind III fragment of the pAT153 vector
tAmersham Co.: TQigg, A. J. and Sheratt, D.,_Naxuze* 283,
216-218 (1980)], obtaining plasmid pAT-HSA-EH. In order to
place a poﬁerful yeast-derived promoter of the cDNA seqguence
encoding pfep;o human serum albumin A adjacent to it, the
EcoR I site, which-is attached to the 5’ end of the cDNA
sequence, and the BstE II site, wﬁich is from the 3rd amino
acid Trp to the 5th amino acid Thr, encoding the signal
peptide of prepro hﬁman serum albumin A, were used. The
EcoR I-BsﬁE II-fragﬁent, containing the 5‘-non-translation
region of the>prepro human serum albumin A and the sequence
.thch encodes the 3 - amino acids from the amino end of the
signal peptide, was cuﬁ from pAT-HSA EH. The remaining
largé DNA fraémént was joined to the synthetic DNA fragment:
EcoR_I_ BstE II |
© 5¢_AATTCATGAAGTGG
GTACTTCACCCATTG-5"

which has an EcoR I adhesion end sequence on the 5‘-end and
an BstE II adhesion end sequence on the 3’-end and can
encode up to the 3rd amino acid of the signal peptide of the
prepro -human serum albumin A: That is, by treating this

synthetic fragment with T4 polynucleotide kinase, the 5’'-end
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was phosphorylated, and the connection was made with T4 DNA
ligase. [In this way,] the plasmid pAT-nHSA, which contains

natural-type prepro human serum albumin A cDNA, was made.

Reference Example 8. Preparation of plasmid pAT-pHSA-A
(Eig. 1}
pAT-nHSA (Reference Example 7) was cut at the EcoR I
site, on the 5'-end of the prepro human serum albumin A cDNA
sequence, and the synthetic linker
EcoRIXhoIEcoRI
5’ -AATTCTCGAG
GAGCTCTTAA-5',
which has an EcoR I adhesion end sequence on either end and
an Xho I site within it, was inserted, pfoducing the plasmid
pAT-X-nHSA. The Hind III-BamH I fragmént, derived from the
"pAT1S53 plasﬁid, which is adjacent to the 3‘-end of the
prepro human serum albumin A cDNA sequence in this pAT-X-
nHSA, Qas cut out and replaced with the Hind III-BamH I
fragment containing the region which contains the poly A
signal and the poly A sequence and the pUCl8-vector-derived
region, in the 3'-$ide sequence of the preprc human serum
albumin A cDNA; which was cut from pUC-HSA-I’, producing the

plasmid pAT-nHSA-A.

4. Simple Explanation of Figures:
Figs. 1-1 and 1-2 show the process of producing the

mini-HSA-expressing plasmid pJDB-ADH-mHSA.



A Fig. 6 shows a limiting enzyme. map of the cDNA encoding
human serum albumin.

Fig. 7 shows the process of producing plasmid pUC-HSA-

EH.
Fig. 8 shows the process of producing plasmid pSAL II.
Fig. 9 shows the process of producing plasmid pAT-nHSA.
fig.vlo shows the process 6f producing plasmid pAP-

nHSA-A. |

AppLicant:> ITonen Co., Ltd.

Attorneys: VAkira Aoki, Esq.

Satoshi Ishida, Esqg.
Kiyoshi Fukuki, Esq.
Teruyuki Yamaguchi, Esq;

Masaya Nishiyama, Esq.

(Continued from page 1)
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[Reys to figures:)

Fig.

Fig.

Fiqg.

Fig.

Fig..

Fig.

Fig.

1-1
. Small fragment
Large fragment
Multi-cloning site
Synthetic linker
(To Fig. 1-2)

(S~ S VeI N

1-2

1. (From Fig. 1-1)
2. Multi-clining site
3. Small fragment
4. Large fragment
5. Promoter

2-1

1 Small fragment
2. Large fragment
3. Cut fragment

4 (To Fig. 2-2)

2-2

1. (From Fig. 2-1)
2. Small fragment
3. Large fragment
4. (To Fig. 2-3)

2-3 :
1. (From Fig. 2-2)
2. Small fragment
3. Large fragment

3

1. Linker

6

1. Base pairs

2. Prepro leader sequence
3. Mature HSA coding region
4. Poly A



Fig.

Fig.

Fig.

Fig.
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O s o o

Synthetic DNA (corresponding to Aspl-~Phell)
Synthetic DNA fragment

EcoR I + Cla I digestion

Linking

Synthetic fragment encoding Met(123)-Ala(151)

BamH I conforming end

Hpa II site

(Human chromosomal DNA part)

Fragment

Multi-cloning site

Linking

T4 DNA ligase

Coliform bacillus TB-1 morphological transformation
Coliform bacillus alkaline phosphatase treatment

Linking

Linker
Promoter
Terminator

52 .



I~

WHEFS-20198

)

[

B ~
[ M&l_ _ O
I _ |
cge-§T | w
YSH | N} " (vB2-1 ¥)
sof-| l - &k |
1\3.49( 585 -§1¢ ~ S
: FA%nd -
T TR T I B )
SeS-1U I * =
R L “ ~ . : ,G—YV1L1D109v9
sot-! I | ~ e . : OvOIIILIVY - .S
Vo ~ s —usnWe 1Y0I3- | Cux~ 1 140d]
YsH | - _
ﬁ Y
MDY ' Iw. dmircnuﬁa
-u y " nsd \d01S tnd3
- [ M
Fins PR = |0QY
3 - w 5 2 % N & HOU™H — 1242
i Kooge ] ud
€ w 9 Mu = __—mw ¥ o __,o:I
8 =R 8 = UK. 11705 | 2
w B =< @ ¥ B 04 foax | =
' I ' ~ Z 510Ny yo33
- =3 3 U Hwog 17 \\ 208 s
- 8 = 4 Ko 2 . jows |-
. = 2 .8 H H & HH wdy | .
S 133 e ¥ gp e/ nss 1o T
2 a 3 P - S | S S SR 3 033
- P - a ﬂw 4&41 ﬁ —G w + ~ ——OQI
o ot " \\_s 1403
~ (SO 74 2.
N 15 115 [1aY
~ ) ™~ N
) "o o
3 A
R .28 I WiPYTH H3-VSH- ONd
R E R R ROIK 1yo> i
W W MPUTH X\ 1¥0:=3
1o

100K



15 F3-201987(18)

[1IPUTH
vds
. hsd
1UrH - 19V - 1] 0S
. |joQy
1Hwog
1ousg
1udy

1506
14023
Joux

{yoo3 ~

B ¥%

]

€ LA RN

[ I

['RT R .u Y ABI m
{HwOg ) npuH
jouy (V) 4

~
>
a ¥ g1oNnd
£z 107 YSHY
el
- dwy °
' {OVTH
o THWog A
m 1yo2)
v IgpuUTH
e ¢
vSHwW-ON
(hrB | -1 W)

1

. UDQ

"w4wog
{oux

|Hwog
LoV

11sd

joux

{ourH 1
oS
nsd

1[5UtH-13dV -1/ 05
10Qx

1Hwog

jowsg

udn

1208

1yo>3°™~

61ond

14033

—— ——

@At

-2u)
(.82 N_. Y
1ws- 6+5-ond
HpurH 14033
{15d .
/dd.md:gtwd\ (115uH)
P
foQy Hwog !
H.se u €
' jous 1o

gil-vSH-INd
1yo>3
1504

15qx
mouv y,6g "o

1903
-VSH

e S St >+ e TR AN ST O

13N TR abd LWEE

— ANK —



(19)

'

11MF3~20198

B

(vef-2w) &
1
T 1
v niel
3 A
pweg 1PUH
Touyx fouy

YSHIV -ONd

X8l Onag

. 1wo3 nou- toux
1ourk foux INwog .
IHwDg loqy _
| - 1
Maw g vuy ¢
({1 a"] nourTd
Hweg FPT-Y
vGHIl- B
voud.din. |vd MySu- Jnd
(170S) .
moun Utourn 3150 Jous
N\ s Jaess s A ot
1oQy g

1Sy
3159

U1Ivs-615.3nd
(hr@ | -2x)
1

V-YSHU-|vd

[e-z &

g0 —| YSHI-HOV-80rdL_(i1pury

ruwog 3 1OWS
14093 13159 Jouy
fipurH tHwog
joqy
) !
— | !
gyay Cum

1owg [owg
fouy _ 1oux

V- VS HIu-ONd

7os —. VSHU-HQV-8QrIh-llipurH
:..Eom \ fpuUTH
(403 fouy 14033 /ll\ IHuog
MPUTH  1pqy P toax

(n*AZ-2¥)
2 1

-6067 -



HR-F3I-201987(20)

PYTH
IHwog
140>3
fipvH o/ /

14033 IHwog - jouy ™

oux
wog -
IHwog _Ex_ 0PYH

{Hwog-{llpurH

14033 IHwog
Hpury
' //
Npurn 14053 19933 7 14923
—unn 1 [ouy
033—o0yx— 033 _ 19613

(HIDg
* IpurTH

YSHY - Jvd

A < =
w 1 ]
4 > 3
) v b
T T T
< =
» pol
<
® = <
™ %
L I &
Q
g8 ™ 2
S &
1 2]
-~ 1T
I N
4 b} -
o o poot
= o
o
N <
N ven
S —
— _ S
= n
J (¥}
.....r>/h < _ [~ W
I S —
— o Ogq
o|=x ]
=13 [ 2
-
«
=
oy
o
j,B
S =
» 5]
J Q
x -
) a
o~ [o]
— — i vl
= = we
P
o' «q /7 o mnv
. u_l ~< I&
. o
7)) ~ -
KN z
h <




\dlll “7
o

'

~

@

S MPYIH N ™ 14033

! 1999

© {100H

B- wE .
— | q. — € w0124 1y053
.r’

-

Y¥WYNQD 8

Z

- vSH-ONd
lyery

'§o33

oy rH
! {puns
[oqQx _—OQI
(50)
giong 9223
15033

(vi-vSH)tL by

1o
S-vvv)dOviovodvYIIIIvVIID1191919dv |- €
£ -1119901vD13911909V019VIOVYIVIV IO (v

(BB IdUd~ 10SY)YNQD 8

[ 1105« tllouy

H)-vSH-ONC

S 19°S

—

1oy - 14033 |

14033 116y
Iy

1705 “Thax 14023 1-16¢ 19003
N NvSH St
. nsA 100y

Neba unau sne-

Ol uwa-secre Treveawy

9 wagaz-ocsves

Vi-vSH ¢

ﬁ

G 2rsécdaxg
403

L6y

-~~~

14033” Ippury 1°%d

S w2rzeccaosy

{dpvr~

2 S

19023 -
Ulipur::

B s

—

fHodu

11s¢

It vs.o

i
DS W
10Q;, ~
Lrous LELE"
o 6 1~-Bluewx
Ut g -
lo¢ g A - veYNapl
]
lyox.
* 1
N +  r
—_— 4 Lo cdangy 2
S
14023 s
IHwog
oo 5 .
L
5 (4 G 477 £6 9096
o e
' ug
e Q
e fe
1yo>3.7 (195w)1100H
e 9
j
{ IYNO®I W) by }
€ el ATTL
» LlI0dKH
1768 1o 14033 Ihuog
109y [goyy .~..L\.\hnnﬁu¢-z|n

“{VI-vSH)

1H16Y “3USHOTY ~(C2IMAN



Svarvo ey ¢g)

-

o e

oL1vd

lNouIH
\

foQx /
15| b
dv IL1 vl 9 13158 1503
391 9vv OLv N1vv—]
911 sAY yow 111315819923

139 19023

IHwog

HIPUTH oo 3

1Hwog
liipurH /

PN\
S

13158 jyo>3

MPUIH « (4023

WpurH. [oay 10Qx « 15053

X 3-vSH-OND

150334 .
OO A WPUH - jgouk
F—""1y033

1oQY  filpvrH AL

g1ond

vi-vSH 1h6Y

A o . .

N

~-46-~-30,KHOV
< [1H-AIS

14w0g - oYY o4y« [HWO4g 14053

05 .
oy IN31

1708
IHwog H
mnon !
t o
jouyY —
(Yo}
{HPUTH |
{HWOQ « [[IPUH

|HWOg + [1IPUH /

tHweg

J-VSH-nd

140334\  IHwog
NpuIH
X
15033

HIPUIH
—uzn

[4033-oux - (4033

mpviH ’

foayx /

113158 14053



This Page is Inserted by IFW Indexing and Scanning
Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the original
documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

U BLACK BORDERS
0 IMAGE CUT OFF AT TOP, BOTTOM OR SIDES
| U FADED TEXT OR DRAWING
U BLURRED OR ILLEGIBLE TEXT OR DRAWING
U SKEWED/SLANTED IMAGES
U COLOR OR BLACK AND WHITE PHOTOGRAPHS
U GRAY SCALE DOCUMENTS
(] LINES OR MARKS ON ORIGINAL DOCUMENT
(} REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

(] OTHER:

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image

problems checked, please do not report these problems to
the IFW Image Problem Mailbox.



	2005-12-15 Foreign Reference

